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ADVERTISEMENT,

T H E Committee appointed by the Royal Society to direft the pub-

lication of the Philofophical Tranfaflions
,
take this opportunity to

acquaint the Public, that it fully appears, as well from the council-books

and journals of the Society, as from repeated declarations which have

been made in feveral former Tranfaflions, that the printing of them was

always, from time to time, the (ingle act of the refpe&ive Secretaries, till

the Forty-feventh Volume: the Society, as a Body, never intereftingthem-

felves any further in their publication, than by occafionally recommending

the revival of them to fome of their Secretaries, when, from the particular

circumftances of their affairs, the 'Tranfaflions had happened for any

length of time to be intermitted. And this feems principally to have

been done with a view to fatisfy the Public, that their ufual meetings

were then continued for the improvement of knowledge, and benefit of

mankind, the great ends of their firft inflitution by the Royal Charters,

and which they have ever fince Readily purfued.

But the Society being of late years greatly inlarged, and their com-

munications more numerous, it was thought advifable, that a Committee

of their members (hould be appointed to reconfider the papers read be-

fore them, and feleft out of them fucb, as they (hould judge mod pro-

per for publication in the future Tranfaclions
;
which was accordingly

done upon the 26th of March 1752. And the grounds of their choice

are, and will continue to be, the importance and fingularity of the fub*

je<fts, or the advantageous manner of treating them ; without pretending

to anfwer for the certainty of the fads, or propriety of the reafonings,

contained in the feveral papers l'o publifhed, which mud (till reft on the

credit or judgment of their refpettive authors.
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It is likewife neceflary on this occafion to remark, that it is an efta-

blilhed rule of the Society, to which they will always adhere, never to

give their opinion, as a Body, upon any fubjeft, either of Nature or Art,

that comes before them. And therefore the thanks, which are fre-

quently propofed from the chair, to be given to the authors of fuch pa-

pers as are read at their accuftomed meetings, or to the perfons through

whofe hands they receive them, are to be confidered in no other light

than as a matter of civility, in return for the refpeft Ihewn to the Society

by thofe communications. The like alfo is to be faid with regard to

the feveral proje&s, inventions, and curiofities of various kinds, which

are often exhibited to the Society ; the authors whereof, or thofe who

exhibit them, frequently take the liberty to report, and even to certify

in the public news-papers, that they have met with the higheft applaufe

and approbation. And therefore it is hoped, that no regard will here-

after be paid to fuch reports, and public notices
;
which in fome inftance*

have been too lightly credited, to thediflionour of the Society.
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PHILOSOP HICAL
+TRANSACTIONS.

I. An Account of a new Comet. In a Letterfrom Mifs Caroline

Herfchel to Charles Blagden, M. D . Sec. R . S.

Read Nov. 9, 1786.

S I R,

I
N confequence of the friendship which I know to exiSl

between you and my Brother, I venture to trouble you in

hisabfence with the following imperfect account of a comet.

The employment of writing down the obfervations, when

my Brother ules the 20-feet refle&or, does not often allow me

time to look at the heavens ; but as he Is now on a viiit to

Vol. LXXV1 I. B Germanyf



2 Mifs Herschel’s Account of

Germany, I have taken the opportunity of his abfence to

Jweep in the neighbourhood of the fun, in fearch of comets;

and laid night, the i ft of Auguft, about io o’clock, I found

an object very much refembling in colour and brightnefs the

27th nebula of the Connoijjance des Temps, with the difference

however of being round. I fufpeded it to be a comet ; but a

hazinefs coming on, it was not poffible intirely to fatisfy

myfelf as to its motion till this evening. 1 made feverai

drawings of the ftars in the field of view with it, and have

inclofed a copy of them, with my obfervations annexed, that

you may compare them together.

Auguif 1, 17S6, 9 h. 50', the object in the center is like a

ftar out of focus, while the reft are perfedly diftind, and I

fufped it to be a comet. Tab. I. fig. 1.

10 h. 33', fig. 2. the fufpeded comet makes now a perfed

ifofceles triangle with the two ftars a and b.

1 1 h. S
7

,
I think the fituation of the comet is now as in

fig. 3. ; but it is fo hazy that I cannot fufficiently fee the fmall

ftar b to be affured of the motion.

By the naked eye the comet is between the 54th and 53d

Urfae majoris, and the 14th, 15th, and 16th Comae Berenices,

and makes an obtufe triangle with them, the vertex of which

is turned towards the fouth.

Auguft 2. ioh. f

,

the comet is now, with refped to the

ftars a and b *, fituated as in fig. 4. therefore the motion fince

laft night is evident.

10

* A doubt having arifen about the identity of the ftars marked a and b in the

figures, I have examined that part of the heavens in which the comet was the

I ft of Auguft, in order to fettle this point, but find fo many fmall ftars in that

neighbourhood that I have not been able to fix on any of them that will exa&ly

7 anfvver



a new Comet,

ioh. 30', another confiderable flar c may be taken into the

field with it, by placing a in the center ; when the comet and
the other flar will both appear in the circumference, as in

%• s •

Thefe obfervations were made with a Newtonian fweeper of

27 inches focal length, and a power of about 20, the field of

view is 2
0

1 2
/
. I xannot find the flars a and c in any cata-

logue ; but fuppofe they may eafily be traced in the heavens ;

whence the fituation of the comet, as it was laff night at

10 h. 33', may be pretty nearly alcertained.

You will do me the favour of communicating thefe obfer-

vations to my brother’s aftronomical friends.

I have the honour to be, 5cc.

Slough, near Windfor,

Aug. 2, 1786.

CAROLINE HERSCHEL.

anfwer thefe figures j and as they were drawn from obfervations made by moon-

light, twilight, hazy weather, and very near the horizon, it would not be at all

furprifing if a miftake had been made : however, as thefe figures were only given

with a view to Ihew the motion of the comet, the conclufion of the change of

place, which was drawn from them, was equally good whether thefe ftars were

the fame or different.

Dec, 14, 1786. William Herschel.
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II. Remarks on the new Cornel . In a Letter from William

Herfchel, LLD> F, R. S. to Charles Elagden, M.D.Sec . R . &

Read Nov. 1 6 , 1786.

DEAR SIR,

A S my Sider’s letter of the 2d of Auguft, relative to the

comet difcovered by her, has had the honour of being

communicated to the Royal Society, I beg leave to add the

following remarks upon it.

The track of the parallel not being taken at the time of her

©bfervations, I have endeavoured to recover it by means of

directing the fame inflrument which was ufed on this occafion

towards that part of the heavens where it was placed the ift and

2d of Auguft. Hence, from the annexed figure (fee Tab. I. fig. 6.)

in which A, B, reprefents a parallel of declination, we may con-

clude, that the comet was nearly in the fame meridian with the

{far a ; but more north than it by an interval equal to the

diflance of the fmall Ear b from a. This will confequently

give us a pretty good opportunity to afeertain the comet’s place

writh feme accuracy.

I have the honour to be, &c.

WILLIAM HERSCHEL.

P. S,

Slough, near Windfor,

Nov* *5> 3 786.
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Dr. Herschel’s Remarks on the new Comet, 5

P. S. The firft view I had of the comet, after my return

from Germany, was the 19th of Augud, when with a 10-

feet reflector it appeared not much unlike the third nebula of

the Connoijfance des Temps, with which it might be very con-

veniently compared on account of its proximity. It was,,

however, confiderably brighter, and feemed to have a very

imperfect and confufed kind of gathered light about the middle,

which could hardly deferve the name of a nucleus. It had

alfo, befides a diffufed coma, a very faint, fcattered light

towards the north following part, extending to about three or'

four minutes, and lofing itfclf infenfibly.
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III. Magnetical Experiments and Obfervations.

By Mr. Tiberius Cavallo, F. R. S.

The Le&ure founded by the late Henry Baker, Efq. F.R.3 .

Read Nov. 1 6, 1 786.

THE Bakerian Le&ure, which laft year I had the honour

to deliver to the Royal Society, contained the account of

fome magnetical experiments, particularly concerning the mag-

netifm of brafs, from which it appeared, that moft brafs be-

comes magnetic, fo far as to attract the magnetic needle, by

being hammered, and lofes its magnetifm by annealing or

foftening in the fire ; but that there is fome brafs, which pof-

feffes no magnetifm naturally, nor acquires any by ham-

mering.

Several experiments, made fince the reading of that paper,

having fhewn a few particulars, which tend to correct what

was advanced in the faid Paper, I fhall in the prefent le&ure

mention, fird:, thofe particulars, and fhall then proceed to

relate other experiments and obfervations relating to other

branches of the fame fubjeft of magnetifm.

In performing the experiments on the magnetifm of brafs,

I generally ufed a magnetic needle fufpended in a peculiar

manner, as it is defcribed in my laft: le£ture ; viz. a common
fewing needle, or a piece of Reel wire rendered magnetic, and

fufpended



Mr. Cav allo’s Magnetical Experiments, &c. y
fr.fpended by means of a chain of hair; which fort of fufpen-

lion I find not only from the experiments then made, but alfo

by feveral fubfequent trials, to be the nimbleft hitherto con-
trived

; becaufe tome iubdances which feem to be quite dedi-

tute of magnetitm, by not attra&ing any of the magnetic

needles otherwife fufpended, will fentibly affect this. How-
ever, notwithdanding the nicety of this method for difeovering

a very low degree of magnetic attraction, it was found dill

inferior to that of exploring fubftances floating on the furface

of quickfdver, as ufed by M. Brugman *. It feemed, there-

fore, neceffary to repeat fome of thole experiments on brafs,

and alfo upon platina, by examining their magnetifm by this

means, viz. by putting the pieces of brafs or grains of platina

upon the furface of quickfdver, and then prefenting a drong

magnet near them. The refult of thofe experiments was, that

very feldom a piece of brafs, or grain of platina, occurred,

which was not atfetded by the magnet ; and even when they

were not affe&ed by it, their indifference, as may be expreded,

was not very clear and decifive ; and indeed there are very few

fubdances in nature which, when examined by this means,

are not in fome degree attracted by the magnet, fo general is

the difperfion of iron, or fuch is the tendency which mod:

bodies have towards the magnet.

Such brafs which in the former experiments appeared to

have no magnetifm naturally, nor to acquire any by ham-

mering, was now found to be modly magnetic, though in fo

very fmall a degree as to be difcoverable only when floating

upon quickfdver. The fame was the cafe with the grains of

platina before they were hammered ; but after hammering

* See his Magnetifmus, feu de Affinitatibus Magneticis, printed at Lyons in

1778 . . .

their.



t Mr. Cavallo’s Magnetical
\

their attraction towards the magnet became more evident;

whereas thole pieces of brafs, which naturally had not any

degree of magnetifm fufficient to affect the needle, nor acquired

any by hammering, but yet fhewed fome tendency towards

the magnet when floatin'! upon quickfiiver, never, or very

feldom, had that tendency inereafed by hammering.

As in the courfe of thofe experiments it naturally occurred

to obferve leveral particulars, which may be of ufe to thofe

perfons who wifh to repeat thele experiments, I lhall now lub-

join the principal of them.

It is neceflary firft of all to obferve, that the veflfel wherein

the quickfiiver is put for the purpofe of examining the mag-

netifm of divers bodies, mud: beat leaft fix inches in diameter;

otherwife the fubftances that are fet to float upon the mer-

cury, will be continually running towards the fides of the

veflfel, on account of the curvature of the furface of that

metal, which in narrow vefiels begins from a greater diflance

from the edge, than in vefiels of a larger diameter.

It is neceflary likewife to keep the quickfiiver very clean,

and alfo very pure ; the want of which precautions will render

the event of the experiments precarious. I have obferve<J a

very remarkable phenomenon, with refpedt to the furface of

the mercury that is ufed for this purpofe. It is, that though

fubftances will float upon it with wonderful nimblenefs, when
the mercury is firft poured out of the bottle into the open veflfel,

yet a (hort time after, viz. after having remained for an hour

or two, and fometimes for a Ihorter time, expofed to the atmo-

fphere, a piece of brafs or other fubftance will by no means

float upon it with equal facility ; fo that fome pieces of brafs,

or grains of platina, which, after firft pouring the quickfiiver

into the open veflel, were evidently attra&ed by the magnet,

about
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about an hour after were not in the leaif attracted by it. The
method which, when the furface of the quickfilver is rendered

thus fluggifh, will effectually purify it, is to pafs the quick-

filver through a funnel of paper, viz. a piece of clean writing

paper rolled up conically, and having at its apex an aperture of

about a fiftieth part of an inch in diameter; which operation is

fometimes neceflary even on firft pouring out the quickfilver,

and which 1 have often been obliged to repeat three or four

times in the courfe of an hour. There feems to be formed a

kind of cruft upon the furface of the mercury when expoled,

which, though invifible by mere infpeCtion, may be perceived

by moving the floating body ; for if it be tried immediately after

having patted the quickfilver through the paper funnel, the

floating fubftance will feem to proceed byitfelf; whereas, fome

time after, the fame body, when moved, feems to communi-

cate that motion to the adjacent quickfilver, and to drag it

along with itfelf, fomewhat like when one moves a body,

which floats upon the furface of a liquor that begins to

coagulate.

The formation of this cruft feems to be moftly owing to the

imperfeCt metals, which in various quantities are ufually amal-

gamated with the common fort of quickfilver ; becaufe that

amalgamation tends todephlogifticate thofe metals, and the femi-

calcined part floats at the top, and it is not unlikely that the

dephlogiftication goes on much quicker in the open air. The

reality of this fuppofition is corroborated by obferving, that

the purer the quickfilver is, the fmaller is the cruft formed, or

oppofition made to the floating bodies. However, I have

obferved it in fome meafure even in the pureft quickfilver that

can be procured ; and am inclined to think, that it thufl be

Vol. LXXVII. C partly
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partly owing to moifture, or to very fine duft that adheres to

the quickfilver when expofed to the atmoiphere.

In performing fuch experiments care fhould be had to keep

the air and the quickfilver as much undifturbed as poflible, and

alfo to prefent the magnet in a proper manner, viz. fo as not to

touch the fu rface of the mercury, nor to ftrike again ft the

floating body, efpecially when that is in motion ; for after

the impulfe, though that may be very flight, the floating

body will be impelled backwards, which may be often miftaketi

for magnetic repulfion. The leaft exceptionable method is the

following : firft, if the floating body be in motion let it flop,

then hold a ftrong artificial magnet nearly in a perpendicular

direction, and with one pole juft over one fide of the floating

body, or rather fo that the perpendicular, let fall from the

pole of the magnet to the furfiice of the quickfilver, may be

about one- tenth of an inch diftant from the body to be tried.

The height of the magnet above the quickfilver fhould be juft

fufficient to let the floating body pafs under it without touching

it. In this fituation the magnet muft be held fteady ; and if the

floating body has any magnetifm, it will be foon drawn diredlly

under the magnet.

In thefe experiments it will be generally found, that one

part of the floating body is more magnetic than the reft, which

appears from that particular part being conftantly drawn

dire&ly under the pole of the magnet ; whereas, when the

magnetifm is diftufed equably, the center of gravity of the

body (provided its fhape be not very irregular,' becomes fta-

tionary juft under the pole of the magnet.

It is not every magnet that will difcover the very weak mag-

netifm of certain fubftances ; for fometimes a powerful mag-
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net will evidently attract what a weaker one will not move ih

the lead.

I fhall laHly obferve, with refpedt to the experiments of laH

year’s lefture, that though then I thought to have fufed and

incorporated together brafs and iron, yet fome fubfequent trials

gave reafon to believe, that the iron is concealed in l'ome part

or other of the melted brafs, rather than equably diffufed

through the fubHance of the latter ; -and the principal reafon

for this iufpicion is, that when thofe pieces of mixed metal

are tried upon the quickfilver, fome points in their furfaces are

generally attracted by the magnet in preference to others.

Experiments and obfervations relating to the attraction between

ferrugineous fubfances and the magnet
,

in their different Jtates

of exigence ; to which are added
,
fome thoughts concerning the

caufe of the variation of the needle.

It is a proportion well eHabliflied in magnetics, that foft

iron, or foft Heel, acquires magnetifm very ealily, and loles it

with equal facility ; but that hard Heel acquires that power

with difficulty, and afterwards retains it obflinately. From

the confideration of thole properties I was led to imagine, that

if a piece of Heel, whilft red-hot, were placed between magnetic

bars, and whilft Handing in that lituation cold water were to be

luddenly poured upon it, fo as to harden it, there might, per-

haps, be obtained an artificial magnet, much more powerful

than what can be produced by the ordinary way ; becaufe the

magnetic bars, employed lor fuch purpoie* would communi-

cate a great degree of magnetic power to the Heel, when red

hot and confequently fott, which power would be fixed upon

the Heel by the hardening.

C 2 111
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In order to put this projed to the trial, fix magnetic bars

were fo difpofed in an oblong earthen veflel, as that the north

poles of three of them might be oppofite the fouth poles of

the three others, forming two parcels of bars, lying in the fame

direction, and about three inches afunder, which nearly was the

length of the fleel bar which was intended to be rendered mag-

netic. Things being thus difpofed, the fleel bar was made

quite red hot, and in that date was placed between the mag-

netic bars ; after which cold water was immediately poured

upon it, which rendered it fo hard as not to admit being

filed : its magnetifm was found to be confiderably ftrong, but

by no means extraordinary. From repeated trials with fleel

bars of different fizes, and by ufing a greater or lefs number of

magnetic bars, I found, that fhort fleel bars acquire a propor-

tionably greater degree of magnetifm by this method, than

thofe which are longer ; that the magnetifm in the longer bars

is not proportionably as ftrong, principally becaufe the arti-

ficial magnets being placed at their extremities have very little

power on thole parts of the pieces of fleel which are nearer its

center; and, laftly, that when, in order to remedy the juft

mentioned impediment, more magnets are placed nearer the

middle of the fleel bar, then this piece of fleel generally

acquires many lucceflive magnetic poles.

Upon the whole it feems, that though this method alone he

not lufficient to communicate to fleel bars an extraordinary

degree of magnetifm, yet it may be of great ufe in conflrudling

large artificial magnets ; for if thofe bars, inftead of being

hardened in the ufiual way by plunging them when red-hot

in water, be hardened whilfl Handing between powerful

magnets, they will thereby acquire a confiderable degree of

magnetic power without any additional trouble to the work-

men.
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men. They may then be polifhed, after which they may be

rendered more frongly magnetic by the ufual method of

touching them with other magnetic bars ; whereas it is a very

laborious operation to render magnetic large bars of hardened

feel from the very beginning, viz. when they have none of

that power.

In the courfe of performing thofe trials, I frequently ob-

ferved, that the pieces of Heel, whilf they were red hot,

feemed not to be attracted by the magnets ; fo that the lead

fhock, and even the pouring of the water, could remove them

from the proper fituation, which rather lurprifedme; becaufe

it has been afferted, by fome authors, that the magnet attracts

red-hot iron as well as cold. Kircher efpecially fays, that he

tried the experiment *, and found that a piece of iron heated fo

as to be hardly difcerned from a burning coal, was attracted by

the magnet as eafilv as when cold ; and he even afiigns a reafon

why the power of a magnet is defrayed by a great degree of

heat; whereas the red heating of the iron will not prevent its

being attracted by the magnet. The reafon he gives is, that

the fire corrupts and calcines the magnet, but purifies the iron.

The following experiments were made in order to afcertain this

matter.

I kept a piece of feel in the fire till it was quite red hot,

and in that fate prefented the magnet to it, fo as to touch it

repeatedly in various places ; but no fign of attraction could be

perceived before the rednefs difappeared. I mean, however,

fuch rednefs as may be evidently feen in the clear daylight

;

for, as was fhewn by other experiments, when the magnet

begins to attract the heated iron, the rednefs of the latter can

fill be feen in the dark.

* fte Magnete, lib. I. p. II. theorem xxxi.

Having
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Having repeated the experiment with different pieces of iron

and of fteel, the refult was conftantly the fame, viz, whilft

the iron or fteel remained quite red hot or white hot, the mag-

net did not attraCt it ; but the attraction began when that degree

of rednefs, which is clearly perceivable in the daylight, begau

to difappear ; and it was as ftrong as ever when the iron was

cooled a little more than when the rednefs quite difappeared in

the dark. In regard to this limit or maximum of attraction,

I think 1 have obferved, as well as the nature of the experi-

ments would permit, a difference between fteel and iron,

which is, that in the fteel the maximum of attraction follows

the difappea ranee of the red heat fooner than in iron.

This experiment is fubjeCt to two fources of miftake, which

perhaps mifled Father Kircher, and which are neceffary to be

mentioned for the lake of others who with to repeat this expe-

riment. The firft is, that when a piece of iron of no great

extent is red hot, or even white hot, in one place, and below

a red heat in other parts, the magnet will frequently attraCt it,

though the red-hot fide be prelented to it. The lecond caufe

of miftake is, that when a fmall piece of iron or fteel, as a

common fewing needle, is made red-hot, and is then prefented

to the magnet, if the magnet touch it, that contaft cools it

inftantly below the neceffary degree of heat, and of courl'e the

attraction takes place. It is owing to this laft caufe that I

have not yet been able to afeertain, whether the attraction be-

tween the magnet and the iron be quite annihilated, or only

diminifhed to a great degree, by rendering the iron red or

white hot ; fo that I can only fay with certainty, that a mag-

net will not attraCt a certain piece of iron red hot or white

hot ; whereas it will attraCt another piece of iron at leaft fifty

times bigger, if it be cold or below a red heat.

i To
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To try this property in a different and more convincing way,
I heated a large iron nail till it was white hot, and in that ifate

placed it upon an earthen fupport near one pole of the mag-
netic needle, fo as to lie not in the fame direction, but on one

fide of it. Then, looking attentively on the graduated circle of

the compafs, I obferved, that the needle was not in the lead:

moved from its natural fituation, whilft the nail remained red-

hot ; but, as foon as the rednefs began to difappear, the needle

advanced towards the nail, and a few feconds after the needle,

pointed diredtly towards it.

I tried whether in this experiment any difference was occa-

fioned by the magnets being natural or artificial but, as it

might be expedted, there was none.

In purfuance of thofe magnetic experiments wherein heat

is concerned, I tried the effects which took place when the

magnet was heated ; but as the diminution of its power by

heating, and an increafe of it by cooling, were obferved and

defcribed by the late Mr. Canton, I fhall only add a circum-

ftance, which may perhaps be new. It is that an artificial

magnet, after having had its power diminifhed by heating, does

not recover it intirelv again by cooling; having conftantly

found, that the magnets which had been heated, after cooling

would never hold as great a weight of iron as they did before.

The heat to which thofe magnets were expofed never exceeded

that of boiling water. This was rendered more evident by the

following experiment.

A magnetic bar was placed in an earthen veffel at fome

diftance from the fouth pole of the needle of a very good com-

pafs ; by the adtion of which magnet that end of the needle

was drawn feveral degrees from the magnetic meridian, or the

dire&ion in which it flood before. In this fituation of the

apparatus
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apparatus boiling water was poured into the veffel. wherein the

magnet ftood, in confequence of which the needle went back

two degrees and a half. Some time after, when the water

was quite cold, the needle was found nearer to the magnet, but

not fo near as it ftood before the hot water was poured into the

veffel.

Next to the effects of heat, I was defirous of trying what

could be effected by decompofing the iron ; and for this pur-

pole an earthen veffel, containing about two ounces of iron

filings, was placed near the fouth end of the needle of the

compafs, by which the needle was drawn a little out of its

natural direction. Having marked where the needle now flood,

fome water firft, and then fome vitriolic acid, were poured upon

the filings, which occafioned a brifk effervefcence, and a co-

pious production of inflammable air; but foon after the begin-

ning of the effervefcence, I was furprifed to obferve, that the

needle came nearer to the veffel, ftiewing that the attraction

between the needle and the filings had been increafed by the

aCtion of the vitriolic acid upon the latter, which is contrary

to what could have been expeCted ; for if we confider that the

power of a magnet is diminifhed by heat, and that red-hot

iron has either no attraction at all, or an exceedingly fmall

degree of it, towards the magnet, we might have concluded,

that the aCtion of the vitriolic acid upon iron would imme-

diately diminifh its attraction, befides the other ffrong reafon

arifing from the dephlogiftication of the iron occafioned by the

effervefcence ; and in faCt fome time after, when the violence

of the effervefcence, and of courfe the production of inflam-

mable air, begins to abate, the attraction between the needle

and the filings begins likewife to diminifh ; and at laft, when
the effervefcence is hardly perceptible, the needle is found to

ftand
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Hand farther from the veffel containing the filings, &c. than it

Hood before the vitriolic acid was added, which diminution of

attraction is certainly owing to the lofs of phlogifton ; it being

well known, that iron is lefs and lets attracted by the magnet

in proportion as it approaches nearer to the calcined Hate.

Here follows the particular account of the above-mentioned

experiment.

The fouth end of the needle coincided with the 285° 15' on

the divided circle. When the pot with the iron filings was

placed on one fide of it, the needle pointed to 286° 15'', being

drawn juH one degree nearer. Having added the diluted vitriolic

acid to the filings, the needle came nearer, and Hood at 286°

4^. Ten minutes after the beginning of the effervelcence it

Hood at 2S6 0 35b having receded a little ; and a few minutes

after this obfervatioti it Hood at 286° 3c 7
. An additional quan-

tity of diluted vitriolic acid was now added, which increafed

the effervelcence confiderably ; and on obfcrving it a fhort time

after, the needle was found at the fame point at which it Hood

before, from which time it began to go back very gradually ; l'o

that about three hours after it Hood at 285 50', viz. farther

from the effervefcing mixture than it Hood before any vitriolic

acid was poured upon the iron filings.

As a fingle experiment ought not to be depended upon when

an error may be occalioned by many concurring circumflances,

I repeated this experiment with great precaution, taking care

-

that nothing could lhake the needle, or the ref of the appa-

ratus ;
but the refult was nearly the fame, the attraction be-

tween the iron filings and the needle being increafed by the

adion of the vitriolic acid.

In order to afcertain that, this effed was not owing to the

heat generated by the effervefcence, the pot, with fome iron

Vol. LXXVII. D filings,
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filings, was placed near the magnetic needle, as before ; then

fome boiling water was poured upon the filings, which heated

them much more than the diluted vitriolic acid could have

done ; but the magnetic needle was not moved in the leaffc from

its original fituation.

The fufpicion which occurred next was, whether the effer-

vefcence might not agitate the iron filings lo as to bring a

greater number of them to that fide of the vefi'el, which Hands

contiguous to the magnetic needle. In order to obviate this

objection, the experiment was repeated with a fingle piece of

iron inftead of the filings; but as this piece of iron prefented a

very imall furface to the diluted acid, the effervefcence was

very weak, and of courfe the magnetic needle did not move

when the acid was poured into the pot. At lafi, in order to

remedy this fiecond inconvenience, arifing from the want of

furface, I ufed a long piece of Imall Heel wire, which was

twified in various directions, fo as to be admitted into the pot

;

in which cafe the metal prefented a large furface to the acid,

and it wras not fubjeCt to be moved by the effervefcence. The

refult was fimilar to that of the firfl experiment, viz. the

attraction was increafed by the aCtion of the acid on the wire

;

and here follows the particular account of the experiment.

About fix yards of clean Heel wire, fomewhat lefs than one-

fiftieth of an inch in diameter, being twified in various direc-

tions, was put into an earthen vefi'el, which was placed near the

fouth end of the magnetic needle, which in confequence of

that was drawn from its natural fituation, viz. from 28 i° to 280°.

After adding the diluted vitriolic acid, a firong effervefcence

commenced, and the needle came to 279
0
47b About five

minutes after, it Hood at 279
0 35b Five minutes after this, it

Hood at 279
0 30b And a little after this obfervation, it ap-

1 peared
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peared to be even fomevvhat nearer to the pot than the above-

mentioned point. The experiment was then diicontinued, and

on removing the pot, the needle went back to its original fitua-

tion, viz. 281°; which fhewed, that its alteration during the

procefs was occafioned by the aCtion of the acid on the iron,

and not by any extraneous caufe.

O11 examination the wire was found only blackened on its fur-

face, but not nearly confumed ; I had therefore the curiofity of

trying the fame wire again, and accordingly it was placed in

the fame veffel near the magnetic needle, which attracted the

latter from its original fituation 281° to 280°. After adding the

acid, the needle came nearer, as in the preceding experiment

;

and a fhort time after it food at 279
0

30b at which time the

pot was removed, there being no occafion to continue the expe-

riment any longer.

On pouring the liquor out of the pot, the wire did not appear

to be much wafed. The pot was then replaced near the

needle, fo as to attraCt it a little nearer as before ; but on pour-

ing boiling water upon the wire, a pretty brifk effervefcence

took place, and the needle was in confequence attracted fill

nearer. This experiment (hewed, that though the diluted

acid had been poured out, yet there remained a quantity of it

adhering to the wire, which was fufficient to renew the effer-

vefcence, when afffed by the heat of the boiling water.

Upon the whole, it appears, that the aCtion of vitriolic acid

upon iron or feel increafes their attraction towards the mag-

net ; that this increafe of attraction has a limit, after which it

begins to decreale ;
and that this limit leems to come fooner

when iron than when feel is ufedj but, however, in refpeCt

to this laf particular I am not yet quite certain, fince, in the

D 2 expe-

t
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experiments hitherto made, the variety in the fhape or bulk of

the iron or fteel may have occafioned a confiderable difference.

After the refult of thofe experiments, it was natural to exa-

mine the effect which other acids might have on iron and fteel

;

therefore the above-mentioned experiment of the fteel wire

was repeated with nitrous inftead of vitriolic acid ; the refult of

which was that the attraction between the magnetic needle

and the wire was increafed, but not lo much as when vitriolic

acid had been ufed. Here follows the particular account of

the experiment.

About fix vards of clean fteel wire, near one-fiftieth of an

inch in diameter, being twitted in various directions, was

placed in the ufnal veflel near the fouth end of the needle ; in

confequence of which the needle was attracted from its natural

fituation, viz. from 283° 3a
7

to 282° 50’. About two ounces

of water were then poured over the wire, and immediately

after, near one ounce of nitrous acid was added, which

produced an efferveicence : the magnetic needle, however,

hardly moved from its former fituation ; but in about a minute’s

time, the effervefcence being increafed very much, the needle

came to 282° 42b About a quarter of an hour after, the vio-

lence of the effervefcence abated a little, and the needle went

back again to 282° 50b A fhort time after, it flood at 283°

2b At lad, when about half an hour had elapfed fince the

beginning of the operation, the effervefcence was hardly per-

ceivable, the liquor was become red like the colour of red

ochre, and the, needle flood at 283° 1 3b viz. farther from the

veflel than it did before the acid was added to the wire.

It appears, therefore, that the effervefcence occafioned by the

nitrous acid produced a fimilar effedl, though not in fo great a

degree as the vitriolic. The maximum of the attradlion feems

to
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to come {boner when nitrous than when vitriolic acid is ufed,

after which limit the attraction decrenfes much fafter in the

former than in the latter cafe, which is evidently owing to the

metal being more eafily dephlogifticatcd and diflolved by the

nitrous than bv the vitriolic acid.
J

The marine acid was tried next; but, notwithftanding all

the precautions 1 could take, it always occafioncd a very weak
effervefcence, and the needle was not in the leaft affeCted bv it.

A flrong efrervefcence feems to be neceflary to increafe the

attraction between the magnet and iron or fteel ; for when I

tried the experiment by putting a fmall quantity of acid into

the veflel, the efferveicence was exceedingly weak ; the mag-

netic needle was not at firft affeCted by it, but feveral hours

after it flood a little farther from the pot, which was evidently

owing to the dephiogiftication of the iron.

After obferving the aCtion of acids on iron, I next tried to

decompofe that metal by means of fire, to oblerve what effcCt

would take place with refpeCt to its magnetifm. For this pur-

pofe two ounces of iron flings were mixed with an ounce of

flowers of fulphur and an ounce of nitre. This mixture was

put into a fmall and {hallow earthen veflel, and was placed near

the fouth extremity of the magnetic needle, which attracted

the needle nearer than its natural fituation by about one degree

and a half. A pane of glafs was interpofed between the mag-

netic needle and the veflel. Things being thus dilpoied, the

mixture was fired, and it burned rather (lowly, the fire fome-

times going out, fo as to require being fired again
; till at laft it

would burn no longer. During this combuflion the needle was

once attracted fomewhat nearer ; but its motion that way was

fo little, that I could not be quite certain of it. This happened

not long after the fire was firft communicated to the mixture,

after



22 Mr. Cavallo’s Magnetical

after which the needle generally vibrated backwards and for-

wards, but upon the whole it gradually receded.

On repeating the experiment with a larger quantity of the

mixture, and alfo with different proportions of ingredients, I

could not obferve any particular attraction. The needle vibrated

rather more than before, but gradually receded ; fo that at laffc

it flood farther from the vefiel than it did before the mixture

was fet on fire, though not quite in its natural direction.

The vibration of the needle in this experiment, or its wav-

ing motion, was probably owing to the irregular burning of

the mixture, and perhaps to the heating of one part of it wbilft

the other was burning. The gradual receding of the needle

was certainly owing to the dephlogiftication of the iron.

After having thus related the refult of experiments, I fhall

now beg leave to add a few thoughts concerning the application

of thole obfervations towards accounting for the variation of

the magnetic needle.

This wonderful phenomenon has, fince it was fir ft difcovered,

employed the thoughts of very able philofophers
; many hypo-

thefes having been offered, not only for its explanation, but

even to foretel the future variations in various parts of the

world. I need not detain this learned Society with a particular

hiftory of thofe hypothefes, but (hall only obferve in general,

that neither their predictions have anfwered, nor any of them

was founded upon evident principles. The fuppofition of a

large magnet being inclofed within the body of the earth, and

of its relatively moving with refpeCt to the outward fhell or

cruft ; the luppofition of there being four moveable magnetic

poles within the earth ; the hypothelis of a magnetic power,

partly within and partly without the furface of the earth ; toge-

ther with feveral other hypothefes on the fame fubjeCt, are not

only
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only unwarranted by actual experiments, but do neither feem

analogous to the other operations of nature. The late ingenious

Mr. Canton, Member of this Society, was the firft, who
endeavoured to account for the daily variation of the magnetic

needle by the heating and cooling of the magnetic bodies in

different parts of the earth’s furface ; which was in confequence

of his having firft oblerved, that the aCtion of the magnet on

the needle was diminifhed by heating, and increafed by

cooling

Following Mr. Canton’s judicious method of deriving the

explanation of natural appearances from properties actually

proved by experiments, I think, that the increafe and diminu-

tion of magnetic attraction by heating and cooling of the mag-

net, as obferved by Mr. Canton, together with the refult of

the experiments recited in this Paper, feem fully fufficient to

account for the general variation of the needle.

If we colleCt under one point of view all the caufes hitherto

afcertained, which* can increafe or diminifh the attraction be-

tween magnetic bodies, we fhall find, that the attraction

between the magnet and iron, or between magnet and magnet,

is increafed by cooling, by a regeneration of iron or phlogifti-

cation of its calx, and within certain limitations by the aCtion

of acids upon the iron ; that this attraction is diminifhed by

heating, and by the decompofition of iron* and, laftly, that it

is probably annihilated by a very great degree of heat.

Thefe truths being premifed, it muft be confidered, firft,

that, according to innumerable oblervations and daily expe-

rience, the body of the earth contains almoft every where/er-

ruginous bodies m various ftates and bulks ; iecondly, that the

magnetic needle muft be attracted by all thofe bodies, and its
o

* Fhilofophical Tranfaftions, vol. LI. p. 398.

fituation
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fituation or direction mud; be determined by all thofe attractions

confidered together, viz. from their common center of aCtion ;

thirdly, that by removing or altering the degrees of attraction

of fome of thofe bodies which are fituate on one fide of the

magnetic meridian, more than of thofe fituated on the other

fide, the above-mentioned common center of attractions, and,

of courfe, the direction of the magnetic needle muft be altered,

which in faCt is the variation of the needle
; and, laftly, that

this alteration in the attractions of fome of the ferruginous

bodies in the earth muft undoubtedly take place, it being occa-

sioned by the parts of the earth being irregularly heated and

cooled, by the aCt ion of volcanoes which decompofe or other-

wife alter large maffes of ferruginous fubftance, by earth-

quakes which remove ferruginous bodies from their original

places, and we may add alfo by the aurora borealis
;

for though

we are as yet ignorant of the caufe of that furprifing phaeno-

menon, it is however certain, that the magnetic needle has

been frequently difturbed when the aurora borealis appeared

very itrcng.

The magnetic needle, therefore, being neceflarily affeCted

by thofe caufes, it feems unneceflary to have recourfe to other

hypothetical caufes which are not eftablifhed on aCtual expe-

rience.

In order to exemplify this explanation of the variation in a

familiar manner, I made the following experiment, with the

account of which I (hall conclude this Paper. Four earthen

vefle-ls were difpofed round the magnetic needle, two near its

fouth, and the other two near its north pole, but not at equal

diftances. In one of thofe veflels there was placed a natural

.magnet ;
the fecond contained feveral fmall bits of magnetic

iteel mixed with earth
; and in each of the other two there were

put
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put about four ounces of iron filings. Things being thus diT-

pofed, and left undiflurbed for about half an hour, the needle

remained unaltered. Then the pieces of magnetic fleel and

earth were flirred with a flick, in confequence of which the

needle was agitated. After this, fome diluted vitriolic acid was

poured upon the filings in one of the vefifels, the action of

which attracted the needle that way ; but whilfi: the needle

remained in that lituation, fomc? diluted vitriolic acid was

poured upon the iron filings in the other veflel, which flood on

the other fide, in confequence of which the needle went back

again towards its former direction. Whilfi the effervefcences

were going on in the two veffels, the magnet in the firfl veflel

was heated by means of boiling water, which occafioned ano-

ther alteration in the direction of the magnetic needle ; and

thus, by altering the flate of the ferruginous fubflances in the

vefifels, the needle’s dire&ion was altered, in evident imitation of

the natural variation.

T. CAVALLO.

\
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IV. Defeription of a new Electrometer. In a Letter from the

Rev. Abraham Beimet, M. A. to the Rev. Jofeph Prieflley,

LL.D. F. R. S.

Read December j , 1786.

R E V. SI R, Wirkfworth, Sept. 14, 1786.

I
SEN D you a defeription of my eleCtrometer, which, hav-

ing the honour of your approbation, may be communicated

to the Royal Society. (See Tab. II. fig. 1. and 2. which repre-

fent two fe&ions of the inftrument.)

It confifts of two flips of leaf gold, a a, fufpended in a

glafs h. The foot c may be made of wood or metal ; the cap

d of metal. The cap is made flat on the top, that plates,

books, evaporating water, or other things to be electrified,

may be conveniently placed upon it. The cap is about an inch

wider in diameter than the glafs, and its rim about three-quarters

of an inch broad, which hangs parallel to the glafs, to turnoff

the rain and keep it fufficiently infulated. Within this is ano-

ther circular rim, about half as broad as the other, which is

iined with filk or velvet, and fits clofe upon the outfide of the

glafs ; thus the cap fits well, and may be eafily taken off to

repair any accident happening to the leaf gold. Within this

rim is a tin tube e , hanging from the center of the cap, fome-

what longer than the depth of the inner rim.' In the tube afmall

peg f is placed, and may be occafionally taken out. To the
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peg, which is made round at one end and flat at the other, two
flips of leat gold are fattened with pafte, gum-water, or varnifh.

Thefe flips, fufpended by the peg, and that in the tube fatt to

the center of the cap, hang in the middle of the glafs, about

three inches long, and a quarter of an inch broad. In one

fide of the cap there is a fmall tube g , to place wires in. It is

evident, that without the glafs the leaf gold would be fo agi-

tated by the leatt motion of the air, that it would be ufelefs ;

and if the electricity (hould be communicated to the furface

of the glafs, it would interfere with the repulfion of the leaf

gold ; therefore two long pieces hh of tin-foil are fattened with

varnifli on oppofite (ides of the internal furface of the glafs,

where the leaf gold may be expected to ttrike, and in con-

nexion with the foot. The upper end of the glafs is covered

and lined with fealing-wax as low as the outermoft rim, to

make its infulation more perfect. Tab. III. fig. 1. reprefen ts

the inttrument joined together, and ready for ufe.

The following experiments will (hew the fcnfibility of this

inttrument. See Tab. IV.

itt, Powdered chalk was put into a pair of bellows, and

blown upon the cap, which electrified it pofitively when the

cap was about the dittance of fix inches from the nozzle of the

bellows ; but the fame ttream of powdered chalk electrified it ne-

gatively at the dittance of three feet, as reprefented in fig. 2. and

3. In this experiment there is a change of electricity from

pofitive to negative, by the difperfion or wider diffufion of the

powder in the air. It is alfo changed by placing a bunch of

fine wire, filk, or feathers, in the nozzle of the bellows, and is

wholly negative when blown from a pair of bellows without

their iron pipe, fo as to come out in a larger ttream ; this latt

experiment did not anfwer in dry weather fo well as in wet.

E 2 The'
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The pofitive eleCtricity of the chalk, thus blown, is commu*

nicated becaufe part of the powder flicks to the cap ; but the

negative is not communicated, the leaf gold collapfing as loon

as the cloud of chalk is difperfed.

adly, A piece of chalk drawn over a brufh, or powdered

chalk put into the brufh, and projected upon the cap, eleCtrifics

it negatively ; but its eleCtricity is not communicated. Fig. 4.

^dly, Powdered chalk blown with the mouth or bellows

from a metal plate placed upon the cap, electrifies it perma-

nently pofitive. Fig. 5. Or if the chalk is blown from the

plate, either infulated or not, fo that the powder may pafs

over the cap, if not too far off, it is alib pofitive. Or if a

brufh is placed upon the cap, and a piece of chalk drawn over

it, when the hand is withdrawn the leaf gold gradually opens

with pofitive electricity as the cloud of chalk difperfes.

4thly, Powdered chalk falling, from one plate, to another

placed upon the inftrument, eleCtrifies it negatively. Fig. 6.

Other methods of producing eleCtricity with chalk and

other powders have been tried ; as projecting chalk from a

goofe wing, chalking the edges of books and clapping the

book fuddenly together, alfo fifting the powder upon the cap ;

all which eleCtrified it negatively : but the inftrument being

placed in a dufty road, and the duff {truck up with a flick near

it, eleCtrihed it pofitively. Breaking the glafs tear upon a book

eleCtrified it negatively, probably by friction in the aCt of

fhivering, for when broken in water it did not eleCtrify it.

Wheat flour, and red lead, are ftrongly negative in all

cafes where the chalk is pofitive. The following powders were

like chalk : red ochre and yellow, rofin, coal afhes, powdered

crocus metallorum, aurum mofaicum, black-lead, lampblack

(which was only fenfible in the two firft methods), powdered

quick-
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quick-lime, umber, lapis calaminaris, Spanifh brown, powdered
fulphur, flowers of fulphur, iron filings, ruft of iron, land.

Rofin and chalk, feparately alike, were changed by mixture

;

this was often tried in dry weather, but did not lucceed in

damp : white lead alio fometimes produced politive, and fome-

times negative, when blown from a plate.

If a metal cup be placed upon the cap, with a red-hot coal

in it, a fpoonful of water thrown in eleCtrifies the cup nega-

tively ; and if a bent wire be placed in the cap, with a piece of

paper fattened to it to iticreafe its furface, the politive electri-

city of the afcending vapour may be tried by introducing the

paper into it. Perhaps the electrification of fogs and rain is

well illuftrated by pouring water through an inlulated cullender,

containing hot coals, where the afcending. vapour is politive, and

falling drops negative. Fig. y.

The fenfibility of this electrometer may be confiderably in-

creafed by placing a candle upon the cap. By this means a

cloud of chalk, which only juft opens the leaf gold, will caufe

it to ftrike the fides for a long time together; and the electri-

city, which was not before communicated, now pafles into the

electrometer, caufing the leaf gold to repel, after it is carried

away. Even fealing-wax by this means communicates its fire

at the diftance of twelve inches at leaft, which it would

fcarcely otherwife do by rubbing upon the cap.

A cloud of chalk or wheat flour may be made in one room,

and the electrometer, with its candle, be afterwards leifurely

brought from another room, and the cloud will eleCtrify it

before it comes very near. The air of a room, adjoining to

that wherein the eleCtrical machine was ufed, was very fenlibly

electrified, which was perceived by carrying the inftrument

through it with its candle. Fig. 8,

In
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In very clear weather, when no clouds were vifible, the

electrometer has been often applied to the infulated firing

of kites without metal, and their pofitive electricity caufed the

leaf gold to ftrike the fides; but when a kite was raifed in

cloudy weather, with a wire in the firing, and when it gave

fparks about a quarter of an inch long, the electricity was

fenfibie by the electrometer at the diftance of ten yards or

more from the firing ; but, when placed at the diltance of fix

feet, the leaf gold continued to ftrike the fides of the electro-

meter, for more than an hour together, with a velocity in-

creating and decreafing with the denfity or diftance of the

unequal clouds which paffed over.

Sometimes the eleCtricity of an approaching cloud has been

fenfibie without a kite, though in a very unfavourable fituation

for it, being in a town furrounded with hills, and where

buildings encompafled the wall on which the electrometer was

placed. A thunder cloud paffing over, caufed the leaf gold to

ftrike the fides of the glafs very quick at each flalh of lightning.

No fenfibie eleCtricity is produced by blowing pure air, pro-

jecting water, byfmoke, flame, or explofions of gunpowder.

A book was placed upon the cap, and ftruck with filk, linen,

woollen, cotton, parchment, and paper, all which produced

negative repultion ; but when the other fide of the book was

ftruck with filk, it became pofitive ; this fide, ftruck at right

angles with the former, was again negative ; and, by con-

tinuing the ftrokes which produced pofitive, it changed to ne-

gative, for a little while ; and, by flopping again, became

pofitive. No other book would do the fame, though the fides

were fcraped unchalked, upon a fuppofition that altering the

lurface would produce it. At laft, one fide of a book was

moiftened, which changed it ; fo I concluded, that one edge

i of
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of the book had lain in a damp place; which conjedture was
farther confirmed by all the books becoming pofitive in damp
weather, and one of them being dried at the fire again became

negative.

When the cap is approached with excited fealing-wax, the

leaf gold may be made to ftrike the fides of the glafs more than

twelve times ; and as the fealing wax recedes, it flrikes nearly

as often ; but, if it approaches much quicker than it recedes,

the fecond number will fometimes be greater.

The quantity of electricity neceflary to caufe a repulfion of

the leaf gold is fo fmall, that the fharpeft point or edges do

not draw it off without touching; hence it is unnecefTary to

avoid points or edges in the conftruction of this inftrument.

I am, &c.

ABRAHAM BENNET.
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V. Appendix to the Defcription of a new Electrometer. In &

Letterfrom the Rev

.

Abraham Bennet, M. A. to Charles

Blagden, M. D. Sec. R . S.

HE following defcription of my Electrometer, connected

with M. Volta’s Condenfer, waits on the approbation

of the Royal Society, to be inferted in the Philofophical Tran-

sactions, as an Appendix to my Paper, communicated by Dr.

Priestley.

The metallic cap of the electrometer is for this purpofe to

be ground and polifhed flat and fmooth, to fit a piece of marble

alfo polifhed on both fides, and varnifhed. In the fide of the

marble is to be fixed a glafs or baked-wood handle. Laftly, on

the top is a fmaller metallic plate, furnifhed alfo with an in-

fulating handle. The whole conftruCtion will be underftood by

the annexed drawing (fee Table III. fig. 2.). When a fmall

charge of eleCtricity is communicated to the metal at A, whilfl

the marble B is touched, the Angle condenfer is charged, and its

eleCtricity (if in fufficient quantity) will be fenfible when the

marble is lifted up by the handle C ; but, if not now fenfible,

touch the fmall plate D, whilfl: thus lifted up ffom the cap, and

then lift it off the marble by its infulating handle, and pre-

Read December 21, 1786.

s I a, Wirkfworth, Dec. 18, 17S6.
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1'enting it to the cap of the electrometer (if not frill in -too fmali

a quantity) it will caufe a divergence of the leaf gold, by an

electricity of the fame kind with that which was communi-
cated to the cap, and in which cap a fmali quantity of eleCtri-

city remains. Thus both the larger and fmaller condenfers of

M. Volta are connected with the electrometer, fo as to be uled

in the molt limple, expeditious, and convenient manner I can

think of. Their amazing power of condenling eleCtricity is-

fufficiently explained in M. Volta’s Paper, before publifhed

in the Philofophical TranfaCtions.

To the experiments on blowing powders from a pair of

bellows I have to add, that if the powder is blown at about

the distance of three inches upon a plate which is moiftened

or oiled, its eleCtricity is contrary to that produced by

blowing upon a dry plate. This fhews that the eleCtricity of

the flreams of powder ilfuing out of the bellows is only con-

trary to the more expanded part, becaufe it is within the in-

fluence of its atmofphere ; for when this is deftroyed by the

adhefion of the powder to the moiftened plate, it is negative

when the bellows are politive, as it was before pofitive when

the more expanded cloud was negative.

I have alfo to add, that the experiments on evaporation of

water may be tried with more eafe and certainty of fuccefs by

heating the lmall end of a tobacco pipe, and pouring water

into the head, which, running down to the heated part, is

fuddenly expanded, and will fhew its electricity when projected

upon the cap of the electrometer, more fenflbly than any other

way I have tried. If the pipe be fixed in a cloven flick, and

placed in the cap of one electrometer, whilft the fleam is pro-

jected upon another, it produces both electricities at once.

Vol. LXXVII. F Spirit
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Spirit of wine and ether are electrified like water. Oil and

vitriolic acid produced fmoke without any change of eleCtri-

city. In thefe experiments a long pipe is better than a fhort

one.

j

I am, &c.

ABRAHAM BENNETY
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VI. Some Account of an Earthquake felt in the Northern Part

of England. In a Letter from Samuel More, Efq. to Sir

Jofeph Banks, Bart. P . R. S.

Read December 7, 17S6.

SIR, Caftle-Head, Lancafliire, Auguft 22, 1786k

I
TAKE the liberty of addrefiing this to you, to give you

information, and furnifhyou with all the particulars I have

been able to collect, relative to a fhock of an earthquake felt in

this part of the kingdom on Friday, the 11th inftant, about

two oVlock in the morning ; fome fay it was a little before that

hour, others a little after, owing probably to the difference of

the clocks.

I was at that time in the houfe of a miner at Aulilone-Moor

in Cumberland, but perceived no fhock ; nor do I believe it

was felt in that neighbourhood, as no mention was made of it

by any of the miners I Converfed with during the courfe of

the day; but, on my arrival at Penrith in the evening, every

one there fpoke of it as having been fenfibly felt in that town.

The next day, purluing my journey, I was informed it had been

felt along the banks of Ulfwater, in Patterdale, at Amblefide,

along the fide of Winander Meer, and particularly at the houfe

in the ifland on that lake, the property of Mr. Christian. At

the place where I am now writing, the Lady of the houfe, and

fome of the fervants, were awakened by it, and deferibe it as

F 2 {baking
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fhaking violently the beds, the chairs in the rooms, and the

fafhes of the windows. At Cartmeal, a town about five miles

from hence, it was alio felt very feverely ; and at the village

of Carke, two miles from Cartmeal, a gentleman (Mr.

Fletcher Stockdale) tells me, he was awake fome time

before the fhock ; that he firif heard a rumbling noife, like a

carriage at a dr-ftance, aild was conlidering what carriage could

be moving at that hour, when he felt the fhock. The noife

continued fome time after the fhock was over ; and he thinks

the whole might laft about four or five feconds, and it feemed

to travel from the eaff to the weftward. Almoff every body in

the neighbourhood of Carke and Cartmeal were awakened by

it, and fome perfons much alarmed ; but I do not find that,

at any part where I have been, any damage has been done by

it. At Lancafler, about ten miles eaft of Cartmeal, it was

very plainly felt, particularly, as I am told, in the great

tower of the Caftle. It appears to have extended as far as

Manchefler, where it was flightly perceived.

Thefe are the particulars I have hitherto been able to collect

relative to this earthquake, of which I doubt not you will have

many accounts fent you ; but if thefe fadls furnifh any thing

not mentioned by your other ccrrefpondents, it will afford

great pleafure to, Sir, &c.

SAMUEL MORE..
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VIL Determination of the Heliocentric Longitude of the cie~

fcending Node of Saturn. By Thomas Bugge, Profejfor of

ylftronomy in the Univerfity of Copenhagen
; communicated by

Sir Jofeph Banks, Bart . P. R. S,

Read December 7, 1786.

THE culmination of Saturn was obferved with a 6-fcet r

achromatic tranlit-inftrument, and the planet compared «'

with 0 and 7r of Sagittarius, whole apparent right-afcenlions in

the middle of Aliguft 1784 were 282° §(/ 54" and 284° 14'

33A The meridian altitude was obferved with a 6-feet mural

quadrant. The original obfervations are to be published in the

fecond volume of my Aftronomical Obfervations. From thofe

are calculated the right-afcenlion and declination, the geocen-

tric longitude and latitude, of Saturn, which are to be depended

upon to 4 or 6 feconds. Thofe obferved longitudes and lati-

tudes are compared with the tables of Dr. Halley and of M.

PE la Lande. In the errors of the tables + fignifies that

the longitude of the tables is lefs than the obferved longitude ;

and the meaning of — is, that the calculated longitude is

greater than the obferved. It ought to be obferved, that the

heliocentric longitudes of Dr. Halley’s Tables have been cor-

related for the perturbations after the principles of M. Lambert

(Memoires de Berlin, pour 1783, p. 216. and Collection des

Tables Altronomiques de Berlin, tom. IL p. 269.)

1 1
7 8 4*
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1784

T? culmi-

nation,

mean time

at Copen.
-

1? obferved

longitude.

1? obferv-

ed lati-

tude.

The error of

Halley
The error of M.
de la Lande.

in long. in lat. in long. in lat.

h
- / //

s
* 0 in 0 ill / /t n / // //

July 12 12 3 I 9 20 34 48 0 3 35 B 4-2 22 4-32 -9 40 + 33
20 II29 9 9 19 59 39 0 2 59 4- 2 14 4-38

Aug. x IO 38 2 9 19 9 22 0 i 44 + 1 45 4-27 -9 49 4-28

8 IO9O 9 18 42 56 01 2 4- x 48 4-21

21 9 H 59 9 18 i 23 00 2 + 1 35 4-28

27 8 50 19 9 i 7 46 19 0 0 29A 4- 1 26 — 26 -9 35
-

3°

3 1 8 33 47 9 17 38 7 0 0 53 4- 1 19 - 2 3
Sept. 5 8 13 45 9 l 7 2 9 36 0 1 26 4- 1 20 -25 -9 25 -27

J 5 7 33 45 9 i 7 19 39 02 4 4-118 -25
Oft. 8 6 4. 23 0 17 34 61O 3 C 7 4- 1 22 — 20 -8 48 -32

\ K %

Iii order to reduce the obferved geocentric longitude to the

fun, or by obfervation to find the heliocentric longitude, it is

required to know the angle at the planet = p. If this angle is

calculated in the common way only by the tables, there will

arife fome difference, according to the different elements and

the different conftrudions of the tables. Thus, at the time of

Saturn’s culmination, this angle is found the 12th of July, by

the tables of Dr. Halley =o° f 13", and by the tables of

M. de la Lande =o° 2' o" the 8th of Auguff by Halley
= 2

0

35% and by M. de la Lande — 2
0
42' 34"; the

27th of Auguff after Dr. Halley =4° 14' 15", and after

M. de la Lande =4° if 47". To avoid thofe differences,

which often may alter the heliocentric longitude more than

one or two minutes, the following method may be ufeful.

The heliocentric longitude of the earth, calculated after the

tables of M. Mayer, is to be depended upon to eight or ten

feconds. From the heliocentric longitude of the earth, and from

the obferved geocentric longitude of the planet, correded for the

aberration and nutation, is deduced the angle at the earth = t.

2 or
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or the difiance between the fun and the planet feen from the earths

The dimen fions of the elliptical orbit of the planet are fo far as-

certain: d, that the logarithms of the difiance from the fun have
not any material difference in the different tables. From the angle

t, the diftance or the earth from the fun, and the diftance of the

planet from the fun, the angle p is calculated to a Sufficient

degree of accuracy. Thus, the 12th of July, by the difiances

of Dr. Halley, p = o’ 2
7
5.9", and by the difiances of M.

de la Lande =o° 2
/
§9" ; the 8th of Auguft after Dr.

Halley p — 2 43' 25
"> and after M. de la Lande p

2° 43' 36"; the 27th of Auguft after Dr. Halley / =
4° 14 io 7/

, and after M. de la Lande/ = 4° 14' 2S". The
difference very Seldom will amount to 20 Seconds, and is of no
con Sequence in this matter. From the obferved geocentric

latitude of the angle at the fun = j, and the angle at the

earth = /, the heliocentric latitude of the planet is found —
tang. lat. geoc. X fin. s

fin7t
'

*

1784

-

Mean time at

Copenhagen.
b obferved helio-

centric longitude.
b obferved helio-

centric latitude.

h
- / /,

s * 0 / , // O / //

July 12 12 3 1 9 20 37 29 O 3 13B
20 1 1 2g 9 9 20 5 i 53 0241

Aug. 1 IO 38 85 9 21 1 3 1 7 0 1 34
8 1090 9 21 26 2 0 0 56

21 9 H 59 9 2 i 49 2 7 002
27 8 50 19 922 012 <000

3 ' 8 33 47 9 22 7 3 2 0 0 50
Sept. 5 8 13 45 9 22 16 28 0 1 2

1

15 7 33 45 9 22 34 3 2 0 1 59
Oft. 8 6 4 23 9 2 3 16 i 5 0 3 35

\A When two heliocentric longitudes,

and the corresponding northern and

D JJL foutiiern latitude are given, the difiance

of
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of the node from one of the longitudes or places may be

found. Let DE be the ecliptic, AF the orbit of the planet,

N the node, DE the difference between the two obferved he-

liocentric longitudes = a, EF the fouthern latitudes /3, AD
the northern latitude = b

, NE the diftance of the node from the

heliocentric place at E, and correfponding to the fouthern

latitude = In the fpherical triangles ADN and FEN,
im. (a—x) _ G0t> n — , By placing the value of fin. (rf - x)

tang, b

in the equation

tang. £

fin. m . cof. x— fin. x . col', a fin. x

tang, b
~

tang. (3*

fin. a . tang. 0

By refolving

this equation ^L^=tang.^= ——
7,

•

T- col.* o tang, £-j-coi. a . tang, p

If <?, b, and /3, are very fmall arcs, which commonly is

the cafe with the planets, then fin. a = a, tang. j3 = j3, tang.

b—b, and cof. a=\. Hence the fpherical formula will be

This formula belongs to

plane geometry, and may befides be thus demonflrated. DN :NE
= AD : EF. Hence DN +NE : NE=:

transformed into another x = -^L
4 + £

AD + EF : EF ; and NE DEx EF
Ifad +eF

the difference of the longitudes do not

•exceed one degree, and the latitudes are not greater than ten

minutes, the fpherical and the redtilineal formula will agree to

very few feconds. Small faults in the longitude will not very

much alter the true place of the node ; but very fmall errors

in the latitude are of great confequence. Let the error in the

fouthern heliocentric latitude be FG =
4- d. The error in the northern latitude

AH= - d. Hence DH : D«=GE : En,

and Es=^~^. By fubtratting EN
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0/3

, the error in the heliocentric longitude of the node,
b + &

ad

b + l
3

If the fault in the fouthern latitude = — d, in the

northern latitude = -\-d, the fame formula is flili true; but

then ENzEw, and the place of the erroneous node will be

between E and N. In both cafes the errors in the place of

the node are directly as the errors in the latitudes.

Let us now fuppofe, that only the

one latitude is erroneous ±d. Then

N« = ±E«^EN = rtxr-*- 7^— ==
V ~b+8±:d

8 \ abd

0 =b+ej~ {b+eyetd(b+8)'
Iri the caie

when the error in both latitudes is politive ~ + d, and /3^b, or

fi^b, the refulting error in the place of the node —

—adf h

—f—

j

n the cafe when the error in both latitudes is
(b+8)% +2d(b-\-&)

negative - d
, and (2~zb, or (2^b

9
then the error in the node =

ad{~^b±^
. In thole two cafes the error is lefs than in

(b + 8) — ld(b-\-8

)

any of the former, and quite nothing when b=/3 . If the

radius of the inftrument, with which the meridian altitudes are

obferved, is given, the quantity of d is alio given. In a

mural quadrant of 6 or 8 feet d*=$ or 3 feconds. Take a —

3^ 3"
*

56'', jQ 135 2 l" 9
d~ 5"

>
an^ t ^le error i 11 the fouthern

latitude + d, in the northern = - d ; then N n — —?--
5

. —
83

2' 1 2". Take now the error only in the fouthern latitude

— + d; then N« = - T j 8^ ; in the cafe of -d; Nn-

57JO*° — j' 28". From hence it appears, that in comparing

Vol. LXXVII. G two
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two {ingle obfervations, it fcarce will bepoffible to avoid a fault

of 2 minutes in the place of the node.

If the inftrument is of a lefs force than a mural quadrant of

6 feet, and the poffible faults in the altitudes greater, for

example, io or 15 feconds, the refulting error in the place of

the node may very eafily be calculated ; but the error in the

node will be enormous, and the obfervations of no ufe for a

nice aftronomer.

Compared Obfervations

1784.

h heliocentric

longitude on the

laft day..

T? diftance

from the £3 .

Heliocentric

longitude of

r? ts

0 / // 0 / // s * 0 in
July 12 with Sept. 15 9 22 34 3 2 0 44 38 9 21 49 54
July 12 — Oft. 8 9 2 3 16 J 5 1 23 41 9 21 5 2 36

July 20 — Sept. 15 9 22 34 3 2 0 43 37 9 21 50 55
July 20 — Oft. 8 9 2 3 16 *5 1 22 33 9 21 53 42
Aug. 1 —

• Sept. 5 9 22 16 28 0 29 15 9 21 47 13
Aug. 1 — Sept. 1

5

9 22 34 3 2 0 45 2 3 9 21 49 9
Aug. 1 — Oft. 8 9 2 3 16 i 5 1 2 5 34 9 21 5° 4 i

Aug. 8 — Aug. 27 9 22 0 12 0 1
1 7 9 21 49 5

Aug. 8 — Aug. 31 9 22 7 3 2 0 J 9 34 9 21 47 5 8

Ang.21 — Aug. 27 9 22 0 12 0 10 0 9 21 50 12

Aug. 2 1 >— Aug. 31 9 22 7 32 o 17 23 9 21 50 9

Mean 9 21 50 8,5

This mean agrees pretty well with the obfervations on the

21ft, 27th, and 31ft of Auguft, which are neareft the node,

and moft to be depended upon.

The 2 1 ft of Auguft, at 9 h. 12' 26" true time at Co-

penhagen, the heliocentric longitude of Saturn = ys. 21
0

49' 27",

and the diftance from the node = 41A The 27th of Auguft, at

8 h. 23", the heliocentric longitude = 9 s. 22 0
o' i27/

;

therefore, in 5 days 23 h. 36' 5
7" Saturn has deferibed an arc

of 1 o' 45
/7

, and io' 45"
: 5 d. 23 b. 36' 57"=: 41" : x. Hence

3 Saturn
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Saturn has fpent 9 h. f 44" in going through thofe 41"; and
Saturn s pajfage through the node happened Anguf 2:, 17^4, at

18 h. 2c/ 1 o'', and the heliocentric longitude of his defcending node
=

9 s- 21
0

50' 8
v

, 5. The errors in the place of the node are

relative to the tables of Dr. Halley 4-
1 f 39", to the tables

of M. Casini -f-
16' 4", and to the tables of M. de la

Lande + i
/
31".

In the foregoing computation of Saturn’s heliocentric longi-

tude from the tables of Dr. Halley, this longitude has been

corredted for the perturbation after the principles of M. Lam-
bert. Though the geocentric places, calculated in this man-
ner, will agree Hill better with the obfervations than without

thofe perturbations, neverthelefs they are only empiric, and not

founded upon the theory and principles of gravitation ; I fhall

therefore conclude this Paper, by adding the faults in the helio-

centric places of Saturn, calculated only and diredtly from the

tables of Dr. Halley, which may be of fome ufe to improve

thofe valuable tables,

1784

T? heliocentric lon-

gitude from Dr.

Halley’s tables.

Error in

longitude.

T? heliocentric la-

titude from Dr.

Halley’s tables.

Error in

latitude.

s - 0 // / // O / // //

July 12 9 20 27 40 + 9 49 0 2 45 B + 28

20 9 20 42 3 + 9 5° O 2 17 + 24
Aug. 1 9 21 3 4 i + 9 3 6 O I 10 + 24

8 9 21 16 19 + 9 43 O O 37 + 21

21 9 21 39 45 + 9 42 0 O 24 A — 22

27 9 21 5° 34 + 9 33 0 O 53 — 26

3 1 9 21 57 47 + 9 45 0 I 1

1

— 21

Sept. 5 9 22 6 48 + 9 40 0 1 45 “24
15 9 22 24 5° + 9 42 0 2 22 -23

0£t 8 9 23 6 33 + 9 44 0 4 1 — 26
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VIII. Description of a Set of Halo's and Parhelia
, feen in tire

Tear 1771, in North-America. By Alexander Baxter, Efq.

;

communicatedby Sir Jofeph Banks,, Bart. P. R. S.

Read December 7, 1786..

EXTRACT from a journal kept in the upper countries of

North-America. At Fort Gloucefter, on the river of

Lake Superior, fix miles above the falls of St. Mary’s, and

as much from the head of the river, where it ifliies from

the Lake.

“ January 22, 1771. Laft night and to-day the froft has

i>een more fevere than at any time this winter : I was hardly

able, at mid-day, to keep my face to the wind uncovered,

though the fun fihone very bright, and the fky clear.

“ In the morning the wind was eafterly, which went about

with the fun to the fouth and wefhvard, returning to the eaft

in the evening/, a very fmall breeze.

“ A little before two o’clock P.M. obferved as follows.

There was a very large circle or halo round the fun (fee Tab. V.)

within which the fky was thick and dufky, the reft of the

hemifphere being clear ; and, a little more than one-third way

from the horizon to the zenith, was a beautifully enlightened-

circle, parallel to the horizon, which went quite round, till the

two ends of it terminated in the circle that furrounded the fun ;

where
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where, at the points of interfeflion, they each formed a lumi-

nous appearance about the bulk of the fun, and fo like him
when feen through a thick hazy Iky, that they might very eafily

have been taken for him. (Mock funs or parhelia). Dire&ly

oppolite to the fun was a luminous crofs, in the diape of a St.

Andrew’s Crofs, cutting at the point of interle&ion the hori-

zontal circle, where was formed another mock fun, like the

other two mentioned above. The two lower limbs of the

crofs appeared but faintly a little way below the circle, the

two higher reached a good way above the circle towards the

zenith very clear and bright. In this horizontal circle, directly

half-way betwdxt the fun of the crofs and thofe at the ends of

the fame circle, wrere other two mock funs, fame kind and

fze, one on each fide ; fo that in this horizontal circle were

five mock funs, at equal didances from one another, and in

the fame line the real fun, all at equal heights from the hori-

zon. Belides thefe meteors, there wras, very near the zenith,

but a little more towards the circle of the real fun, a rainbow

of very bright and beautiful colours, not an entire lemi-circle,
•»

with the middle of the convex fide turned towards the fun,

which lowered as the fun defeended.

“ It was a little before two o’clock P.M. when I find obferved

this phenomenon, and it continued in all its beauty and ludre

till about half after two.

“ The crofs went gradually off fird ; then the horizontal

circle began to difappear in parts, while in others it wras vifible ;

then the three mock funs farthed from the fun, the two in the

fun’s circle continuing longed ; the rainbow began to decreafe

after thefe ; and, lad of all, the fun’s circle, but it was ob-

fervable at three o’clock, or after it.

The
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<e The weather continued fine, but the next day was a little

fofter.”

I have fubjoined a diagram of the phenomenon, in order

to give a better idea of it than my feeble defcription, which I

have copied literally, as it was fet down in my journal at tlto

time, and in a hurry.

ALEX. BAXTER*
Odiham, Auguft 2, 1 , 1786.

i
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IX. Obfervations of the franft of Mercury, May 4, 1786, at

Drefden. By M. Kohler, Infpedlor of the Mathematical

Repofitory of the Klettor of Saxony ; communicated by the

Count de Bruhl, F. R. S.

Read December 21, 1786,

Apparent time.

/ //

9 21 54 beginning of the planet’s egrefs, doubtfuL

9 25 23 complete egrefs, or lall contact, very certain.

The telefcope with which Mr. Kohler obferved, was a

9-feet refractor of Dollond’s, magnifying 104 times.

He has made a companion of his obfervation with that of

Alexander Aubert, Efq. from which he has inferred the

longitude of Drelden in the following manner.

Mean time.
U

Exterior conta£l obferved by Mr. Aubert at

u.
,

8 27
Ji

5

Equation ... + 3 28,3

Difference of parallax -f- O i 3>4

Apparent time at Loam-pit Hill 8 30 46,7

Loam-pit Hill well of Greenwich 4- O 5*4

Apparent time at Greenwich Ocn
00

5 2 *
1

Apparent time at Drefden 9 2 5 23,0

Longitude of Drefden eall of Greenwich 54 3°>9
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X. Obfervations of the Franjit of Mercury at St. Peterfburg.

In a Letter from M. Rumovfki, Afronomer in the Imperial

Academy
,
to Mr. J. H. de Magellan, F . R. Sc

Read December 2i, 1786.

’AI rhonnetlr de vous communiquer mon obfervation fur le

dernier paflage du Mercu re, 1786, Ie t. aftr.

Le contact interne a l’entree 17 2 1 9 t. v. Limbes ondoyans.

Le contact interne a la fortie 22 26 55 .... bien termines.

M. Tzernoi, qui m’a accompagne dans l’obfervation, n’a vu

que le contact interne a la fortie, 22 h. if f
r
.

J’omets les contacts externes : pour le premier, j’ai manque

de le voir; j’appercus le 9 au o a i 6 h. 59' 44", quand la

moitie a-peu-pres en a ete entree : et pour le contact extern©

a la fortie, j’ai doute jufqu’a la demi-minute.

Durant le paflage, j’ai reufli a mefurer avec un micrometre

objedtif quelques diftances des bords, et le diametre de £ ; et

je l’ai troitve tantot de 7", 5 6, et tantot de 8",64 ; en forte que

je l’eftime de 8
A,
2, ou plutot de 8

"

Depuis peu j’eus le loifir de calculer mes obfervations fur les

diftances: et en fuppofant le demi-diametre du o \f 52'', et

la parallaxe 8
//

,5> par 28 combinaifons je trouve ;

La
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La plus courte diftance ( 1
1 32

h.
t Jt

Terns du milieu du paffage 19 44 37 pour le merid. de Peterlb.

Terns de la conjon&ion 19 13 33 avec

La latitude geocentrique 1 1 43

La longitude geocentrique 1 13 50 1

Et la longitude du Noeud 1 15 53 56

Pour reduire mon obfervation au centre, je trouve qu'il faut

Qter du premier contaft interne L 41", et ajouter i' 16" au con-

tact interne a la fortie : en forte que fuivant les elemens ci-

deffus mentionnes, mon obfervation a l’entree peche en exces de

29", et a la fortie de 4" en defaut.

(Signed) RUMOVSKI.

Vol. LXXVIL H
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XI. An Account of the Stmta obferved in finkingfor Water at

Bofion, in Lincolnfhire. By Mr. James Limbird, Surveyor

to the Corporation ; communicated by Sir Jofeph Banks, Bart»

P. R. S.

Read December 21, 1786.

** 1

O N the 7th day of May, 1785, George Naylor, of

Louth, in the county of Lincoln, Well-borer, began

to bore at the well in the Market-Place, Bofton ; which had

been funk and bored to the depth of 186 feet from the furface,

in 1747, by Thomas Partridge.

The well was made about 6 feet in diameter at the top, 5

feet in diameter at the bottom, and 27 feet deep, and the

earth prevented from falling in by a circular frame of wood,

which goes from the furface of the earth to the depth of 21

feet and 6 inches, and is there fupported by brick-work, laid on

a bed of light-coloured blue clay, which continues to the depth

of 36 feet from the furface, where there is a bed of fand and

gravel about 18 inches thick, and under it the fame fort of blue

clay as before, which continues to the depth of 48 feet from

the furface. Below this there is a bed of dark-coloured ftone,

like ragftone, about fix inches thick, from under which George
Naylor fays, that a fait fpring iffues. Beneath this layer

of ftone, there is a bed of dark-blue clay, which continues to

the depth of 75 feet from the furface, where is a bed of

Hone, of a lightifh colour, about 6 inches thick, and under it

3 a bed



Mr. Limbird’s Account of the Strata, 6cc. jr

a bed of dark-blue clay, which continues to the depth of 114
feet from the furface, where there is a bed of Pone, of a

brightifh colour, about 8 inches thick, and under it a bed of

gravel, about 6 inches thick, where George Naylor fays

there is another fait fpring. Under the gravel, there is abed of

dark-coloured clay, refembling black-lead, which continues to

the depth of 174 feet from the furface, when it changes to a

chalky clay, intermixed with fmall pebbles and flints, which

continues about 3 inches, and then changes to the fame kind

of dark-coloured clay as before j in which, after boring to the

depth of 186 feet from the furface, he came to the folid earth

bored to, in 1747, by the above-mentioned Thomas Par-

tridge. After boring in the fame kind of clay to the depth

of 210 feet from the furface, it changes to a lighter-coloured

one, which continues about 6 inches, and then changes dark

again, and continues fo to the depth of 342 feet from the

furface, where there is a bed of fhells and white-coloured

earth, about half an inch thick, and under it a light-coloured

earth like that at 210 feet from the furface* and under it a

bed of dark-coloured clay. After continuing in that clay to

the depth of 444 flpet from the furface, George Naylor
put down a tin pipe, 50 yards in length, and 2 1 inches in

diameter within, to prevent the gravel and Pones from falling

down and obflrufting the rods; but being too w7eak for that

purpofe, it feparated into different lengths, and intirely pre-

vented his boring, fo that he was* obliged to get the faid

pipes up again, which took him 48 days ; having got them up,

and cleared the hole pretty well, he left off boring until he

could procure fome Pronger pipes.

In July, 17S4, he put down 21 pipes of cafl iron, which

were caff at Chefferfield, in the county of Derby, each pipe

H 2 being
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being 2g inches in diameter within, half an inch thick, and upon

an average 6 feet and i inch in length ;
they were affixed together

with boxes and fcrews, and with a piece of foft leather between

the top of each box and fcrew, to prevent them from

breaking ; the uppermoff pipe is fattened to a plank, which lies

upon the top of the brick-work.

At the diftance of 447 feet from the furface there is a bed.

of dark- coloured earth mixed with chalk and gravel, which

continues to the depth of 449 feet and 10 inches from the

fhrface, where is a bed of dark-coloured earth without any

chalk and with very little gravel, which continues to the

depth of 454 feet and 7 inches from the furface; there it changes

to a dark-coloured earth, mixed with chalk and gravel, which

continues to the depth of 456 feet and 8 inches from the fur-

face, and then changes to a dark-coloured earth without any

chalk, and with very little gravel, which continues to the

depth of 457 feet from the furface, and then changes of a

lighter colour; and this continues to the depth of 462 feet

and 4 inches from the furface, where it changes of a darker

colour, and fo continues to the depth of 470 feet and 3 inches

from the furface. Here the ground changes to a dark-coloured

earth, mixed with chalk and gravel, which continues to the

depth of 470 feet and 7 inches from the furface, where he came

to a bed of ttone, like ragftone, about 13 inches thick, which

ground into powder with the wimble, and mixed with the earth,.

Under this bed of ftone there is a dark-coloured earth, without

any chalk, and with but little gravel, which continues to the

depth of 472 feet from the furface, when it changes fomething.

lighter, and continues fo about 2 inches, where the earth ap-

pear* to be mixed with chalk and gravel, and continues fo for

about
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about i inch, when it changes to a black lilt, having a great

deal of light-coloured band in it.

On September the 6th, 1785, George Naylor broke one

of the fcrews belonging to his rods juft above the top of the

box, at the diftance of between 92 and 93 yards from the

furface ; when the upper rod, having a circular head or ring

2 inches in diameter at the top, dropped down 40 yards-

through the iron pipes ; which rods were got up again on the

15th day of September by a fpring. After trying feveral in-

ftruments to get up the lower part of the rods, to no effedt, on

the 3d day of Odtober following was contrived a lpiral inftru-

ment, about 2 feet long, with a catch at the top of it, to take

the bottom of the uppermoft box of the rods that were down ;

but the top of the rods having fallen feveral inches from the per-

pendicular, prevented the inftrument from taking them between

the firll: and fecond boxes 1 therefore, the Surveyor to the Cor-

poration and the above-mentioned George Naylor, on the 7th

day of October, contrived a fpiral inftrument, about 2 feet

long, without any catch at the top, which George Naylor
put down about 10 yards below the upper box, and there taking

hold of the rods, raked them, up to the top, and by that means

brought them perpendicular, when he left them, and on the

8th day of October put down the inftrument invented before

by which he got hold of the rods a little below the top box,,

and brought them up. When, the rods broke, George

Naylor was boring in a dark-coloured filt, intermixed

with chalk and gravel, at the diftance of 474 feet from the

furface, which continued to the depth of 475 feet and 5

inches, when it changed to dark-coloured wet filt without'

any chalk, in which George Naylor bored to the depth-

of 478 feet and inches from the furface. Here he imagined,.
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by the eafy turning of the wimble, that he had got into a fpring

of water, and gave over boring, to fee if the water would rife

in the pipes ; when, after keeping the water in the well below

the top of the pipes for feveral days (by pumping), the water in

the pipes was found to rife about 5 feet per day upon an average ;

which only producing about 7 pints, it was fuppofed there was

no fpring of water bored into, but that the rife of wrater in the

pipes was occafioned by the foccage only.

On Monday the 28th day of November, an iron bucket was

made and affixed to the bottom of the rods, and let down the

pipes, and filled with water at the depth of 85 yards from the

furface ; which water was fait, and of a reddifh colour. The
bucket was again let down, and filled at the depth of 156 yards

from the furface ; that water was more fait than the firft,

and much of the fame colour.

The Committee appointed by the Corporation for fuper-

intending the bufinefs of finking for water, having taken the

whole of thefe circumftances into their confideration, and exa-

mined George Naylor, who did not account, in a manner

fatisfa&ory to them, for the flow progrefs he had lately made in

boring, were of opinion, that it would be proper for the pre-

fent to difeontinue all operations in the well ; they therefore

directed the flageto be taken up, the mouth of the iron pipes to

be carefully plugged up, the well to be covered with oak plank,

and the ground over it to be paved as before ; all which was

accordingly done.

Bofton,

November 28, 1786,

James limbird,
Surveyor to the Corporation*
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XII. ObfervAtions of Mifs Herfchel’s Comet
, in Auguf and

September
, 1786. By the Rev. Francis Wolladou, LL.B .

F. R. S

4

Read December 21, 1^86.

T he comet of Auguft lad, having afforded me an oppor-

tunity of putting to l'ome ted the fydem of wires, a

defeription of which I laid before this Society *, I think it may
not be improper, as a iequel to that Paper, to give an account

of the obfervations I have made with it on this occafion.

Though, I believe, I have nearly afeertained with it the pod-

tion of about 200 fmall dars in the Corona Borealis
;
yet fuch.

oblervations could not be examined bv other gentlemen, with-

out their going over the fame ground. But this comet, which

mud have been obferved by many, will ferve to diew them,

whether I have come near to the truth in this way ; and what

dependence may be had upon obfervations made with fuch an

indrument.

The telefcope to which I applied it was an achromatic objedl-

glafs of Dollond, of 16 inches focal length, and 2 inches

aperture, with a Ramsden’s eye-glafs, magnifying about 25

times, mounted oil a very firm equatorial dand : with this,

which takes in twro degrees of a great circle, I compared the

times of the comet and fuch dars as lay convenient, as they

* See vol, LXXV. p. 346.

feverally
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feverally paffed the centre wire and other adjoining wires

;

making occafionally a diagram, or drawing of their appearance

in that telefcope, in the manner reprefented in a Paper commu-

nicated to this Society in the year 17S4*. This I found of

great fervice ; both in afcertaining the ftars of comparifon, and

in catching fomething of an obfervation on thofe evenings,

which were not clear enough, or fteady enough, for me to take

the tranfits (as Auguft 14. and 19. and Sept. 21.). In this way

alone, one may be certain of the relative pofitions to five minutes

of a degree in right-afcenfion or declination, under the moft

unfavourable circumftances, and commonly much nearer ; and

this occafionally has its ufe.

This comet was firft difcovered Auguft 1, 1786, at Slough,

near Windfor, by Mifs Caroline Herschel, Sifter to Dr.

William Herschel, and aftiftant to him, and almoft as

zealous an aftronomer as himfelf
; who, in his abfence, fwept

the heavens with her telefcope for that purpofe. She obferved

it again Auguft 2. and then communicated the news of it to

her friends. Her account (as I recollect it, for I had not the

original) was, that Auguft 1. it was about equi-diftant from £
and v Urfae Majoris, and N° 14, 15, and 16. Comas Be-

renices, about i° fouth of the parallel of N° 15. Comas.

The news reached me on the 4th, which was cloudy ; but

on the 5 th I faw the comet; and, having adjufted the wires,

compared its paflage with the adjoining ftars ; of which the fol-

lowing are the refults. The times noted down are all fidereal

;

becaufe they were fo obferved, and the redu&ion of them is

moft fimple. The ftars of comparifon are moftly thofe of the

Britifh Catalogue : and to that the numbers refer; excepting a

few, which I take to be ftars to be found in the Catalogue

* See vol. LXXIV. p. 18 1.

4 compkt
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complet d'Etoiles
,
par Bode

, 1782 ; who, at the end of each

conftellation in Flamsteed’s Catalogue, adds fuch ftars,

omitted by him, as have been obferved by other aftronomers,

and carries on the numbers of each obferver in fucceffion. To
them the name of the obferver is here inferted. Thofe without

any name or number are fmaller ftars, not in that or probably

in any Catalogue.

Days.

At what

hour fid.

Comet
preceded

or fol-

lowed.

What ftar.

Differences

in

fid.

R. A.

time.
inDecl.

vOCOM h.
/ i /

1

/ // O / //

h Aug. 5 ‘9 40 Com.prec. a* - 7 2 9 32 North of the far.

N°i 2.Com.Ber. 9 17 55 37 N.
N° 16. — l 3 45

*9 5 1 57 Com.prec. N° 13. — 1

1

4
N° 14. - 13 5,5 28 27 S>

N° 16. — l 3 43 2 26 s.

0 1 O' 18 50 44 Com.prec. a* — 0 5 N. about 1° to'.

a - 0 6 27 1

1

N.
N°50(Darquier) 0 26,5 2 26 S.

N° 14. — 6 14 3 1 S.

N° 16. — 6 49»5 12 2 N.

l 9 9 2 3 Com.prec. a* — 0 1

N J
5o(Darquier) 0 22,5 I 53 S.

N° 13. — 4 *,5

N* 14. % 6 10 14 *3 s. **

;

N° 16. 6 44,7 12 36 N.

* - 7 l 9 5 10 Com. foil. N° 14. - 0 48 O 39 s.

N° 16. — 0 12 26 14 N.

* - 8 18 21 22 Com. foil. N° 14. —
7 29 I I 2 NT.

N° 16. — 6 53 37 52 N.

18 35 52 Com. foil. N° 14. -
7 33 1

1

22 N.

N° 16. - 6 56 » 5 38 15 N.

18 5 1 3° Com. foil. N° 14. - 7 38,7 10 53 1
There is tome error

vt 1 here, for which I
N* 16. —

7 3,4 37 49 nt r 9

J cannot account.

? - 11 18 3° 42 Com. foil. N° 30. - 4 29,2 21 27 N.

N° 31. - 2 5 22 7 NT.

18 38 15 Com. foil. N° qO. — 4 3*>7 21 25 N.

N° 31. - 2 7,5 22 8 N.

l 9 9 49 Com. foil. N° 14. — 27 5i 0 38 ! 3 N.

N° 16. t 27 i5 1 4 0 N. Qiiatre this Decl.

Day«»Vol. LXXVII. I
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Days.

At what

hour fid.

Comet
preceded

or fol-

lowed.

What ftar.

Differences

in R.A.

fid. time.
inDecl.

1786 h.
, , / // / //

? Aug. 1

1

19 9 49 Com, foil. N° 30. - 4 4 l 21 34 N.

N> 3 i. - 2 16 . 22 16 N.

D - 14 196 c Com. foil. N° 43. about 0 50 22 0 NT

.
per diagram only.

h -- 19 1910 c Com. foil. a x Can. venat. 1 50 1 2 O Vl> • ->

Nebula, N° 3. 0 20 O 20 s. All thefe were
Com.prec. a fmall x 0 10 O 20 N. only judged

*9 55 c Com. foil. a -x- 2 5 12 O N.
?

from a dia-

Nebula, N° 3. 0 35 O 20 S. gram.

Com. foil. the fmall X- 0 5 O 20 N. J

0ct10 18 44 2 Com. foil. a X can. venat. 7 l 9 9 36 N.

Nebula, N° 3. 5 5 1 9 J 3 S. Qiuere this.

a X 3 48 : i

18 55 <29 Com. foil. a X — 7 2 3 9 55 N.

Nebula, N° 3. 5 5 1 7 42 3.

a X 3 52 3 8 13 NT .

i -22 iS 33 18 Com. foil. N° 9. Bootis 2 20 39 6 N.
Com.prec. N° 1 1. - 2 20,5 46 26 N.

—

«

CO da OJ GO Com. foil. a X 5 42,5 3 1 37 S. , In this fet there
• a* 2 49 32 26 s. is probably an

N° 9. - 2 23 38 22 N. error of i' in the

Com.prec. N° 1 1. - 2 17 45 48 N.J Decl.ofthe com.
l8 58 l8 Com. foil. a X 5 45 3° 34 8.

a* 2 51
N° 9. 2 26 39 26 N.

J 9 8 3 1 Com. foil. N° 9. - 2 29 39 3 1 N.
Com.prec. N° 11. - 2 1

1

47 3 N.

V - 23 19 6 26 Com. foil,
j

N’ii. -
3 6 41 32 N.

% - 24 19 2 22 Com. foil. N° 9. - ! 3 1 28 49 N.
N 3

11. 8 20 36 4 N.
Si°72(Darquier) 6 2 28 59 N.

3* 2 28 26 32' 8.

$ - 25 19 13 24 Com. foil. N° 9. 18 19 23 46 N.

NT 11. - >3 38 3 i 5 N.

*X 1 1 20 12 45 N.

*X 8 22,5 10 49 N.

3 X 7 4.6,5 21 25 s.

Com.prec. ix 3 57 29 32 s.

IX 9 l 9 ; 41 9: N.
\ 84(Darcjuier

/

'

9 26 S 2 43 N.

Days.
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Comet Differences

Days.

At what preceded
hour fid. or fol- What Iter. in R.A.

lowed. fid time
in ueci.

- 1786 h.
/ //

s Aug. 2 5 *9 27 45 Com.prec.
3 56 3° 5 1 \T

‘9 27 45 Com.prec. a fmall 9 > 3»5 39 54 N.
N r

84(Darquier' 9 24 3 f 50 N
l 9 43 39 Com.prec. N ^q^Darquier) 0 40 10 53 i\

T
.

Com. foil.

a —
3 53 3 1 15 S.

<5 - 29 1
9 20 2? a* 1 5 6

18

• Com.prec. N 9i(Darquier) 2 I 3»5 0 44 S.

2 “ 30 1 3° Com. foil N°9i(Darquier) 2 3° 8 5 s.
'i

18

Com.prec. « Bootis - 6 24 IQ 0 N. ( •
,

*5 45 Com prec. 9i(Darquier) 2 7 3 6 S.
> windy.

iS

com.prec. i Bootis — 6 14 l 9 9 N. J

V ~ 3 1 l 9 24 Coil',, prec. £ — _ 1 2 9>5 10 49 N.
j

I cannot recoil-
l 9 2

1

3' Com.prec. e __ 1 3° 1

1

6 N. Idle thefe. It

Sept. 1

19 24 4 ' Com prec. c

1 30 : 9 22 N. * was very windy.
? *9 56 it Com. loti.

i

3 1

2

0 26 NT. Quaere the Decl.
20 5 5C Com. loll. i — _ 0

O 12 1 46 N.
h — 2 *9 47 /

Com. foil. — —
7

O 9 8 2 7
S.

Com.prec. 0 24
20 7 IC Com. toll. E — —

7 36 8 40 s.

Com.prec.
' ~X-

— 0 17 29 14 NT .

n - 2 ll20 45 c Com. loll. t Serpentis i
mi

1 3 2 53 0 N. per diagram only.

The comet growing faint, I did not follow it any farther.

D li ring the whole time, it was invifibie to the naked eye, and

without any tail. Its appearance was fo very fimilar to the

nebula (N 3, in Messier’s Catalogue inferted in the Connoijjance

des Temps for 1784, and fome other years) as fcarcely to be

diftinguifhed from it when in the telefcope together ; though it

certainly had a brighter fpot in the centre.

The latter obfervations were not quite fo fatisfa&ory as the

preceding ; the comet growing faint. Thofe of the nebula,

Auguft 20. were alfo fomewhat doubtful ; the nebula not

having the lucid point in the centre which the comet had ; and

therefore not being fo eafy to obferve, efpeciallv in paffing the

oblique wires.

I ^ Upon
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,
&c,

#

Upon the whole, I think, I may with confidence recom-

mend fuch an inftrument, as very convenient for fweeping the

heavens, and pretty well afcertaining the pofition of what one

difcovers. I have here tranfcribed many obfervations which

might better have been fupprefled for the credit of the reft 5

but from them alone it is, that a judgement can be formed of

the errors to which I was liable (which yet may pofftbly have

been errors of calculation), and how far fuch an inftrument is

deferving of any farther recommendation. A larger telefcope

and greater magnifying power, to vyhich I can apply thefe

wires, certainly would have been capable of greater accuracy

:

but the field being fmaller, the ftars of comparifon would have

been the fewer, and the feries of obfervations lefs connected.

I have at other times ufed it with a Dollond’s eye-glafs, with

which it takes in a field of nearly three degrees ; but the mag-

nifying power is then fo much the lefs, that, for this kind of

obfervations, I prefer that of Ramsden, with which I can

obferve ftars down to what I call the tenth or eleventh magni-

tude, and, I think, with fome degree of precifion*

Chiflehurft, Nov, 1 8, 1786,
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XIII. An Account of a Thunder-Jlorm in Scotland ; withfome
Meteorological Obfervations. In a Letter from Patrick

Brydone, Efq . F . R. S. to Sir Jofeph Banks, Bart. P. R .

Read January i 8 , 1787.

DEAR SIR, Lennel-Houfe, near Coldftream, Dec. 20, 1 786-

1
NOW fit down to give you fome account of the thunder-

ftorm, which I remember to have mentioned to you in

converfation, and of which you wifhed to be more particu-

larly informed. I do not know whether you will think it

worthy of the attention of the Society; but you will be

pleafed to make whatever ufe of it you think proper. It is

copied, with fome additions, from the journal which I ufually

keep in the country, and which was wrote down immediately

after the event.

Tuefday, the 19th of July, 1785, was a fine foft morning

(thermometer, at ten, 68°) ; about eleven, clouds began to form

in the fouth-eafi: ; and between twelve and one there were

feveral flafhes of lightning, followed by rolling claps of thun-

der, at a confiderable diflance. I was fitting in my ftudy at an

open window, in the fecond ftory, obferving the progrefs of

the ftorm ; when fome ladies, who were in the drawing-room be-

low, alarmed by the lightning, came up to me. I was making

them obferve, by a flop-watch, the time which the found took

to reach us (which was generally from 25 to 30 feconds), and

4 alluring
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afluring them the ftorm was at fo great a diftance, that there

could be no fort of danger ; when we were fuddenly alarmed

by a loud report, for which we were not prepared by any pre-

ceding fiafh : it refembled the firing of feveral mufkets, fo

clofe together, that the ear could hardly feparate the founds

;

and was followed by no rumbling noife like the other claps.

The clouds immediately began to diflipate, and there were

no more appearance of either thunder or lightning. I had

ordered my horfes to be got ready, and was juft going to

mount, when a fervant came running in to tell me, that a man
and two horfes had been ftruck dead by the thunder, at a final

l

diftance from the houfe. I immediately fet out, and arrived

on the fpot in lefs than half an hour after the accident. The

horfes were ftill yoked to the cart, and lying in the fame peti-

tion in which they had been ftruck down ; but the body of the

young man had been already carried oft by his companion,

who foon returned to the place ; and, with lefs agitation than

I expected, deferibed to me how every thing had palled.

They were both fervants to Mr, Turnbull, a tenant of

the Earl of Home, and were returning home with two carts

loaded with coals. James Lauder, a ftrong young man, of

twenty- four years of age, had the charge of the firft cart, and

was fitting on the fore-part of it. They had crofted the

Tweed a few minutes before, at a deep ford, and had almoft

gained the higheft part of an alcent, about 6 $ or 70 feet above

the bed of the river. They were converting about the thunder,

which they heard at a diftance, and exprefting a with that it

might be accompanied by a fall of rain, as the only means of

faving the crop, after fo long and fo fevere drought. At that

inftant he was ftunned by a loud report, and faw his compa-

nion, his horfes and cart, fall to the ground. He immediately

1 ran
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ran to his afliftance, but found him quite dead. His face, he
faid, was of a livid colour, his cloaths were torn to pieces, and

he had a ftrong fmell of burning. He immediately emptied

his own cart, and carried home Lauder’s body to his friends ;

fo that I had not an opportunity of examining it : but Mr.

Bell, Minifter of Coldftream, a gentleman of the mod per-

fect candour and veracity, told me, that he had been fent for,
*

to announce the fatal event to the young man’s parents, and

had examined the body ; that he found the fkin of the right

thigh much burnt and hh ri veiled, and many marks of the

lame kind over the whole body ; but none on the legs,

which he imputed to their hanging over the fore-part of the

cart at the time of the explolion, and not being in contact

with any part of it. His cloaths, and particularly his fhirt,

was very much torn, and emitted a ftrong lmell of burning.

The body was buried two days after, without having difco-

vered any fymptoms of putrefaction.

Lauder’s companion lhewed me the diftance between the

two carts, which was exactly marked; tor his horfes had

turned round at the time of the explolion, and broke their

harnefs : I found it about twenty-four yards, and Lauder*?.

cart was a few feet higher on the bank, but had not yet

reached the fummit. He told me, he was likewife fitting on

the fore-part of his cart, and had Lauder, his cart and horfes,

full in view, when they fell to the ground ; that he perceived

no flafh, nor appearance of fire, and was fenfible of no fhock,

nor uncommon fenfation.

I now examined the cart, and the fpot around it, as exactly

as I could. The horfes were black, and of a ftrong make;

they had fallen on the left fide, and their legs had made a

deep impreffion in the duft, which, on our lilting them up,

lhewed
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fhewed the exad form of each leg ; fo that no kind of druggie

or convulfive motion had fucceeded the fall, but every principle

of life feems to have been extinguished in an inftant. The

hair was much Tinged over the greated part of their bodies

;

but was mod: perceptible on the belly and legs. Their eyes

were already become dull and opake, and looked like the eyes

of an animal which had been long dead. The joints were all

fupple ; and I could not perceive that any of the bones were

either foftened or diffolved, as it has been alledged fometimes

happens to animals killed by lightning. The left fhaft of the

cart was broken ; and I obferved, that fplinters had been

thrown off in many places, particularly where the timber of

the cart was conneded by nails, or cramps of iron. Many
pieces of the coal were likewife thrown out to a confiderable

didance, all round the cart ; and home of them, which I have

preferved, have the appearance of coal which had lain fome

time on a fire. I likewife gathered up the fragments of Lau-
der’s hat, which had been tom to innumerable fmall pieces

;

fome of which I fhall inclofe for your infpedion, as well as

part of his hair, which I found drongly united to fome of the

fragments which had compofed the crown of the hat *. About

four feet and a half behind each wheel of the cart, I ob-

ferved an odd appearance in the ground ; a circular hole of

about twenty inches in diameter, the center of which was

exadly in the trad of each wheel. The earth was torn up,

as if by violent blows of a pick-axe, and the fmall dones and

dud were fcattered on each fide of the road. The tracks of

the wheels were drongly marked in the duff, both behind and

before thefe holes, but were completely obliterated for upwards

of a foot and a half on thefe fpots. This led me to fufped,

that the force which had formed them mud likewife have

* Thefe were exhibited to the Society, C, B.

aded
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a&ed ftrongly upon the wheels; and, on examination, I found

evident marks of fufion on each of them, which I now {hewed

to many people who had aflembled around us. The furface of

the iron, to the length of about three inches, and the whole

breadth of the wheel, had become of a bluifti colour, had

entirely loft its polifh and fmoothnefs, and had the appearance

of drops incompletely formed on its furface ; thefe were of a

roundifh form, and had a fenftble projection. I fufpected that

the great heat, which had been communicated to the iron, might

probably have burnt the wood of the wheels; but this I did

not find to be the cafe. To afcertain whether thefe marks

were occafioned by the explofion which had torn up the ground,

we pufhed back the cart on the fame tracks which it had de-

fcribed on the road; and found, that the marks of fufion an-

swered exactly to the center of each of the holes; and that, at

the inftant of the explofion, the iron of the wheels had been

lunk deep in the duft. They had made almoft half a revolu-

tion after the explofion, which might be occafioned by the

falling down of the horfes, which pulled the cart a little for-

ward. On examining the oppofite part of the wheels, or that

part which was at the greateft diftance from the earth, no mark

of any kind was obfervable. The broken earth ftill emitted a

ftmell fomething like that of ether. The ground was remarka-

bly dry, and of a gravelly foil.

It would appear, that this great explofion had, in an inftant,

pervaded every fubftance connected with the cart, the wheels of

which had probably conducted it from the ground. They had

been completely whetted but a few minutes before, as well as

the legs and bellies of the horfes, and this might, perhaps, be

the reafon why the hair on thefe parts was much more burnt

than on the reft of their bodies. However, the two horfes

Vol. LXXV1I. K had
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had already walked over this electrical mine, without having

produced any effect ; and had not the cart followed them might

have efcaped without hurt. I examined all their fhoes, but

could not perceive the lead mark on any of them, nor was the

earth broken where they had trodden. But the cart was deeply

laden, and the wheels had penetrated much farther into the

The equilibrium between the earth and the atmofphere feems

at this inftant to have been completely reftored ; for no farther

appearance of thunder or lightning was obferved within our

hemifphere
; the clouds difpelled, and the air refumed the

moll perfect tranquillity : but how this vaft quantity of eledtric

matter could be difcharged from the one element into the other

without exhibiting any appearance of fire, I fhall not pretend

to examine. The fa£t, however, appears certain ; and when

I was mentioning it as a fingular one, a gentleman told me,

that the fhepherd of St. Cuthbert’s farm, on the oppofite bank

of the Tweed, had been an eye-witnefs of the event, and gave

a different account of it. I immediately went to the farm,

found the fhepherd, and made him conduct me to the fpot

from whence he had obferved it, and defired him to give me ail

account of what had happened. He was looking, he faid, at

the two carts going up the bank, when he was ftunned by

a loud report, and at the fame inftant faw the firft of the

carts fill to the ground, and obferved that the man and horfes-

lay ftill, as if dead. I afked him, if he had obferved any

lightning ? He faid, he faw no lightning, nor appearance of

fire whatever ; but obferved the duft to rife at the place ; that

there had been leveral flafhes of lightning; fome time before

from the fouth-eaft, whereas the accident happened to the

north-weft of where he flood. The diftance, in a right line

7 acrofs
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acrofs the river, might be between two and three hundred

yards. He was fenfible of no (hock, nor uncommon fenfation

of any kind. I went next morning to examine if there were

any marks of putrefaction on the horfes, and to obferve the

ftate ot the blood-veflels, &c. after the fkin had been taken

off; but a gentleman of the neighbourhood, who kept a pack

of hounds, had already feized on them.

Several other phenomena happened on that day, probably

all proceeding from the fame caufe ; l'ome of which I fhall beg

leave to mention.

The fhepherd, belonging to the farm of Lennel-Hill, was

in a neighbouring field, tending his flock, when he obferved a

lamb drop down ; and laid, he felt at the fame time as if

fire had paffed over his face (this was his own expreflion),

although the lightning and claps cf thunder were then at a

great diftance from him. He ran up immediately, but found

the lamb quite dead ; nor did he perceive tire leaf! convulfive

motion, nor fymptom of life remaining, although the moment

before it appeared to be in perfeCt health. He bled it with his

knife, and the blood flowed freely. This, he told me, hap-

pened about a quarter of an hour before the explofion which

killed Lauder ; and it was not above three hundred yards

diftant from the fpot. He was only a few yards from the lamb

when it fell down. The earth was not torn up, nor did he

obferve any duff rife.

Thomas Foster, a celebrated fifher in Coldflream, and

another man, were Handing in the middle ot the Tweed,

flfhing for falmon with the rod, when they fuddenly heard a

loudnoife; and, turning round to fee from whence it came,

they found themfclves caught in a violent whirlwind, which

Foster told me felt fultry and hot, and almofl prevented

K 2 them -
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them from breathing. It was not without much difficulty they

could reach the bank, where they fat down, exhaufted with

fatigue, and greatly alarmed : however it lafted but a very

fhort time, and was fucceeded by a perfect calm. This hap-

pened about an hour before the explofion.

A woman, making hay near the banks of the river, fell

fuddenly to the ground, and called out to her companions, that

fhe had received a violent blow on the foot, and could not ima-

gine from whence it came. This I had not from the woman her-

felf, but from Mr. Turnbull, a very refpedlable farmer. Mr.

Bell, our minifter, nephew of Thomson the Poet, andpofleffed

of all the candout and ingenuity of his uncle, told me, that,

walking in his garden, a little before Lauder’s accident, he

feveral times felt a fenfible tremor in the ground. Pie likewife

told me (what I find I had forgot to mention in the proper

place), that he had obferved on Lauder’s body a zig-zag line^

of about an inch and a quarter broad, which extended from

his chin down to his right thigh, and had followed nearly the

line of the buttons of his waiflcoat. The fkin was burnt

white and hard.

Thefe, fir, are all the circumftances I have been able to

collect that are well authenticated ; and I fhall not trouble you

with reports that are not. From the whole it would appear,

that the earth had acquired a great fuper-abundance of ele&ri-

cal matter, which was every where endeavouring to fly off

into the atmofphere. Perhaps it might be accounted for from

the exceffive drynefs of the ground; and, for many months,

the almofl: total want of rain, which is probably the agent that

Nature employs in preferving, or in refloring, the equilibrium

between the other two elements. But I fhall not pretend to

invefligate the caufes : all I wanted, was to give you fome

account
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account of the effects
; and your own reflexions will lead you

much farther than any thing I could fuggeft.

I have the honour to be, with the greatefl refpect, &c.

P. BRYDONE.

P. S. I cannot fend away this letter without adding, in a Pofl>

fcript, that on Friday the 1 ith of Auguft laft, early in the

morning, we had a pretty fmart fhock of an earthquake. I

was awaked by it, and felt the motion moil diflinXly for four

or five feconds at leaf!. It appeared as if the bed had been pulled-

gently from fide to fide feveral times. The motion was nearly

north north-well; and fouth-eafl, as far as I could judge from

the motion of the bed. The windows were violently fhaken,

and made a great noife, which, I believe, was miftaken by

many people for a noife accompanying the earthquake. I im-

mediately rofe to look at my watch,, and found it twenty

minutes after two. It was a dead calm, the morning clofe and

warm, with fmall drizzling rain, and, although the moon

was but two days pall the full, fo dark that I could not per-

ceive the hour without finking a light. It was felt in almofl:

every houfe in this neighbourhood, and all the way from this

country to the weft coafl of the ifland, where it feems to

have been more violent than here ; but to the eafl of this place

it was very little felt.

Perhaps it may not be improper to mention the flate of the

weather for fome time before and after this event, as it may

poilibly have had fome influence: upon it. The drought was

very great till the 2zd of July, when it rained a little; and

this was repeated, though in fmall quantities, and generally

accompanied by high winds, till Thurfday the 27th, when it

blew-
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blew the mod violent tempeft I ever remember in this country.

The young crop of turneps, in many fields, were blown out

of the ground, and almoft entirely deftroyed. The peafe be-

came brown as if withered, and fo did the leaves of the forefl

trees on that fide which was oppofed to the blaft. Vaft clouds of

dull: were raifed from the dry fields and roads, which looked

like fmoke, and had the appearance at a diftance as if many

villages had been on fire all over the country. The water

too was raifed from the furface of the river, and carried quite

away by the violence of the hurricane, forming fm all clouds

in the air, which we traced to a great difiance. The great

violence of this tempefi lafted but a few hours, and at night it

fell calm. The barometer was little aftefled, and flood at 29

inches and a half. The wind was nearly weft, veering fome-

times a little to the north. From this time we had a trafl of

very fine weather, the wind conftantly in the weft points, till

the time of the earthquake (which happened on what is called

the laft of the dog days), when it changed to the fouth-eaft,

and brought us five of the worft days I ever remember to have

feen at that feafon ; it rained almoft inceflantly, with a cold

eafterly wind, and the fun did not once appear till the morning

of Wednefdav the 1 6th , after which we had again a trafl of

fine weather. I examined the barometer at the time of the

earthquake, but did not find that it had been fenfibly aftefled.

It rofe a little on that morning ; but this I imputed to the

wind having changed into the eaft.
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XIV. On finding the Values of Algebraical Quantities by con-

verging Seriefes ,
and demonjirating and extending Propofitions

given by Pappus and others. By Edward Waring, F.R.S.

Profejfor of Mathematics at Cambridge.

Read February 8, 1787.

S
UPPOSE the roots of the equation xb

=*=i =0 to be given*

where h denotes any whole number or fraftion ; to find the

roots or values of any given algebraical quantity, by con-

verging infinite feriefes.

1. Let the algebraical quantity be d/ (±A), then the roots
1 r

of the algebraical quantity will be A" x (ai-A\/ — ij. A" x

I

((3 +g v/ - 1), An x^-fV -1), &c. where osH-a.v'-i,

/3 +g,\/ — 1, y + j's/ -1, 6cc. are the roots of the equation

x n
ztz 1=0; it will be + 1 if it was — A, and — 1 if + A.

2. Let the given algebraical quantity be \Z (—

v

7
(
—A) =+=

py z±r C — &c.), and a + \\/ - 1, ct'+A y/ - 1,

a." g-A's/ - 1, &c. and F + Av/ — 1 be refpedlively one of the

roots of the equations *"== 1 = o, 1 = o, x^-^z 1 =0, &c. andII I

,v
r=p 1=0; fubftitute =tP = =±= A" B” ofz±zC

n
od' rt &c. and

1 1
(

i_

dtQ— A" x
/
z±=Cw A

// d=&c. In the firff place let P

be greater Q, and ±;P be +P, then will (P^Q^ (— i)} r —
‘ (P
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r
y pin1

&c.

1 — ir 1—3^ I— 4r Ql

y '
“

"pin

I— r 1 — 2r 1 1 —

r

+ —" • • ——- “P — • •

2r y p
3
r~ 1 r 2r

- &C. = =±= M) Xy/-I = ±L±M

\/ — 1 , in which cafe the two feriefes == L and ±M converge,

and (r + Av/ — 1) x (±L±Mv/ - 1) will be a value or root

of the given quantity.

In the fame manner the remaining roots may be deduced.

2. Let ±P be - P, multiply (- 1) into — r,

and it becomes PrpQ^^/ (—1) a quantity of the fame for-

mula as the preceding; let r' + A\/ (-1) be a root of the

equation xr
4- 1 = o, then will (r

/ +aV — i
)
(±L±M s/ - 1

)

=±H -K'y
(
- 1) be a root of the given quantity : other-

wife; the root may be deduced from the above-mentioned feries

1 ir
byfubftitutinginitfor — (P) r

its value Pr x (
- 1)'

,
and it will

become the fame as the preceding.

3. Let P be lefs than and the value of (ntPrtQ

v/— 1 )
r may be deduced from the preceding feries by fubfli-

tuting in it —Q, V - 1 for P, and =^P for Qy. otherwife, fince

(— P^=Q v/ (
" >))

r = *&( - 0 * (Q.-P ( -
'

L

=
and

the root of (Q =pP </ (— i)}' can be deduced by the pre-

ceding method, which fuppofe L/

(
- 1) ; multiply this

root into 11 =^0 ^ (
- r), where H + 0 v/(— 1) denotes a

value of the root \Z
(
- 1), and the quantity refulting will

be
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be one value of the given quantity ; the remaining values Can

be deduced by the fame method.

In this cafe the given quantity is refolved into a feries

afcending according to the dimen lions of P, and defcending

according to the dimenfions of Q; in the former cafe it was

refolved into a feries afcending according to the dimenfons of

Q, and defcending according to the dimenfons of P j both the

feriefes affording the pofibie or impofible parts will always

converge.

4. If P — rtr then will (dbPrizP,^/ (— l)) r = Pr X\iit \iit
(— I± s/ (

~ I = P' X 2 1
' ( z±= \/irtv/ — ' h )

r = Pr X 2 Ir X

V7 (-1); for \
4

/ (
-

1 }
= — v7i rt\/ - f.

4. 2. When P = o, or Q. = o, then it becomes the fi rfl cafe

5. Let P = Cb=i=«, where « has a very fmall ratio to Q

;

then will (P±:Q/ (
— i)) r = (Pd=:P:±:<« y (— i)) r — (P x

2" X - (~l)) r =P r x 2 zr X s/ (
- 1)—— X P

4 r

l

\/ (
- 1 )

X v/( - l) a -

I—

r

I—

r

>
2' x

I I ’ Tj— x x P
r 2r

I
-t-

r

r— 2 r

r X 2

X

T— 2 r

2r X

X—

1

X - • —- i_2T xP ' nM^(-i)K
v v J r 2 r gr

y (
_ j) 4- &c. In this feries the fame root of the quantity

& (
— 1) is always to be ufed.

6. If in the given quantity are contained more quantities of

the above-mentioned kind or their roots ; then, by repeating

the fame operation, can be deduced the roots or values of the

given quantity.

Vol. LXXVII. L In
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111 fome cafes the impoffible part may vanilh, which may

be the cafe in a quantity of the following formula, viz,

\Za + ay/ - b +Va + /3 \Z — b + \)
/a-\-yxy~b + &c. where a>

(2, y, Sec. denote the 2 rn roots of X/ ~ 1
• The general princi-

ples of difeovering the cafes in which this happens have been

given in the Meditationes Algebraical.

The roots of the equation ^±1=0 will be found from

common algebra and thefe principles, if h is not greater than

10; or, more generally, if h — 7} x ^ x 4/' . . io /3
, where /,

denote any whole numbers:: or, in general, the

roots of the above-mentioned equation, or even of the equa-

tion >v =7±L±Mv/-i, can be found from tables of fines.

The fame principles may be applied to the difeovery of the

values of exponential irrational quantities.

In the Mifcel. Analy. was given, from a fubflitution

invented by me and not fimilar to any before given, a refolu-

tion of equations, which contains the refolutions of all equa-

tions before given, and from which the refolutions of fome

equations, not before delivered, have been added.

Part II. 1 . Let an equation A~o involving (r) unknown inde-

pendent quantities be predicated of another equation containing

the fame quantities, and the demonibration of it be required.

lib. Reduce both the equations to equations involving inde-

pendent quantities only ; then reduce the two equations to

one, fo that one of the above-mentioned quantities may be ex-

terminated, and if there refults a felf-evident equation* viz,

A = A, or A-A=:o, in which the correfpondent terms

deftroy each other refpedlively ; then the firft equation is julbly

predicated of the fecond ; that is, if the above-mentioned

equations
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equations afford the fame value of the quantity exterminated,

the proportion is true, otherwife not.

Cor. From thefe principles can be demon ffrated many pro-

pofitions given by Pappus and others.

Ex. Let AD— 2AC — 2.v, DE = a, and EB— If, where AD,
DE, and EB, are independent quantities; if ABxBE—

(2 x + a -f b) x b =: CB x BD = (x -f a + b)

h c ]) E B {a -f b)
,

then wil 1 CB = x + a + b : BD —
a + b :: AC x CE —x x (at -f a) : AD x DE

— 2x x a. From hence can be deduced the two equations

{b — a) x—a~ + cib and 2ax + a -f b) — {a + b) x (x -H a) ; re-

duce thefe two equations to one, fo as to exterminate x, and

there refults the felf-evident equation - b) x —
- (

- a' - ab)

-f a' + ab — o, and confequently the proportion is true.

2. If (i) equations involving (/ + r) unknown and inde-

pendent quantities be predicated of (/) equations involving the

above-mentioned quantities : reduce the (r) equations and one of

the above-mentioned (Y) equations to one, fo that (*) unknown

quantities may be exterminated, and if there refults a felf-

evident equation, then the above-mentioned equation is juftly

predicated of the (/) equations ; and in the fame manner wc

may reafon concerning the remaining (s -
1) equations.

3. 1. If one equation is juftly predicated of another, and

in both the unknown quantity exterminated has only one

dimenfon ; then the latter equation can be predicated of the

former ;
for in this cafe both equations have only one and the

fame value of the unknown quantity exterminated.

3. 2. If the quantity exterminated has more dimenfions

than one in the equations, then the propoftion may not gene-

L 2 rally
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rally be true ; for the equations may have fome roots the fame,

but not all.

Thefe obfervations may be applied to more equations.

4. From («) given equations a = o, b = o, c — o, See. can

eafily be deduced others dependent on them, by finding any

direct algebraical functions of the above-mentioned equations,

that is, <p (a, b, c, &c.), which will always = 0; and in like
*

manner, from the relation between any lines being given, can

be deduced innumerable relations between the above-mentioned

lines, and other lines dependent on them.

Partlll. 1 .Ratios, which are fuppofed greaterorlefs than others,

can eafily be transformed into equations, which contain affirma-

tive and negative quantities : for example, let the ratio a : b be

be
greater than the ratio c : d

,
then will - = - k ; if it be lefs,

then will
^ =

c
- + k, where k denotes an affirmative quantity ;

and, vice verjd
,

if ~ = c
- — k, then will the ratio of a : b be

greater than the ratio of c : d, &c.

2. If one quantity (a) is affirmed to be greater than another

b, for a in the given equations fubftitute its value b-\-k\ if

jefs, for a write b — k, where k denotes an affirmative quan-

tity.

3. Reduce the equations, fo as to take away their denomina-

tors, and the demonftration of the propofition will often very

eafily follow.

p p'

4. Let £ = ^and Id- ; and if P and Q be affirmative,

let P' and be affirmative ; and, vice verfd9 if negative, ne-

gative ;
then, if k be affirmative, will k' alfo be affirmative ;

the fame alfo may be affirmed, if P and Q have both con-

trary
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trary figtis to P ;

and Qj but if one has the lame, and the

other contrary, then will k and k? have contrary figns.

5. Let home affirmative quantities be lefs than others, then

any direct affirmative function of the former, viz. fun 61ion,

in which 110 negative or impoffible quantities or indexes are

contained, will be lefs than the fame function of the latter.

The contrary happens when the indexes are all negative, and

the quantities affirmative as before : for example, let two quan-

tities be lefs than two others, then the product of the two for-

mer will be lefs than the produ6t of the two latter.

Cor. Hence foine quantities may often be known to be

greater or lefs than others from their diredt functions being

greater or lefs than the fame funftions of the others : for

example, let a
z - b

z
be an affirmative quantity, then will a be

greater than b.

6. If one equation or ratio is affirmed on the fuppofi-

tion that another given one is true, reduce both the equations

by the methods given above, and from the principles before

delivered, the proportion will often be evident.

Hence may be deduced demonfhatiens to propofitions of

this fort given by Pappus and others.

Ex. Let the ratio a + b : b be greater than c + d : d, then

the ratio b : a — b will be lefs than d : c — d.

For, fince the ratio a+b : b is greater than c + d : d, the

ratio b:a + b will be lefs than d:c + d
,

and confequently

-r(l +I )
=T(j + 1

) +^ 'vlienee - i = c- — l + k, gnd

ajzl — c— 4- k. and the ratio b : a-b lefs than d : c - d.

Ex. 2. Let the ratio of a + b : r + r/be greater than the ratio

of a : c, then will the ratio of bid be greater than the ratio of

a+b: c + d. By the preceding method convert thefe ra-

tios
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tios into equations, and there refult —~ and ~+k' —

and the proportion afferts, that if k be an affirmative

quantity, k' will alfo be an affirmative quantity. Reduce thefe

two equations, fo as to take away their denominators, and the

refulting equations will be ac + ad+a x a + b x k — ac + be and

lc— ad
ad+ bd+ a -f b , bk' ~ be q- bd, whence k = — and k

'

—
a[a + b)

i‘
~

aTT'
*
anc^ t ^ie P roP°^^on evident.

Ex. 3. Let a be greater than c, and b, and (a + b')

x (<2 — K) — (c + n
7

)
x (<: - d), that is , a

2 ~ b1 — c
1 — dr

,

then will

b be greater than d ; for a in the equation a
1 — b

r — c~ — d2
write

c + k, and there refults 2 ck q- k
2 — b

1 — d *, whence b
2 — d1

is an

affirmative quantity, and confequently b greater than d.

Ex. 4. Let, as in Ex. i. the ratio a+b : b be greater than

c-\-d : d,
then will b : a — b be lefs than the ratio d : c-d.

By the preceding method tranflate thefe ratios into the

two equations + k = — and “ClA ——

+

k\ reduce thefe
a + b

equations, fo as to take away their denominators, and there

refult bc-{-bd+a + b x c-\-dk — ad+ bd and da

ad— be

db — be - bd 4-

bdk'

,

and confequently k =
t ,AW and k '

-

a

-~rr''
but thefe

two fraflions which exprefs the values of k and k' have the

fame numerators, and their denominators both affirmative

;

therefore, if one k be affirmative, the other k' will alfo be affir-

mative.

Cor. From thefe principles can cafily be deduced innumera-

ble propofitions of this fort. Aflame two or more ratios, of

which let fome be fuppofed greater than others; then, from

the above-mentioned transformation, by addition, fubtradlion,

multiplication, divifion, &c. can be found fuch functions of

the
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the above-mentioned quantities, that fome may become greater

than others, and thence may be deduced the proportions above-

mentioned.

7. It may not be improper in this place to adjoin a few obferva-

tions on finding the limits of fome quantities in which others

contained in given equations become negative or affirmative.

1. Given an equation involving two unknown quantities a*

and y ; the limits of the quantity y, between which the quan-

tity x will become affirmative or negative, may be deduced from

the following principles.

The quantity x pafles from affirmative to negative or from

negative to affirmative, either through nothing or infinite
; or

from two impoffible roots it pafifes to affirmative or negative

through two or more equal roots; and, vice verfti , from affir-

mative or negative to two or more impoffible roots through

two or more equal roots.

Find therefore the values of y, when A- becomespo, or

infinite ; and alfo all the cafes in which two, &c. values of x

become equal, that is, when its roots become impoffible; and

from thence can be deduced the limits of the quantity y, be-

tween which (,v) becomes affirmative or negative.

2. If = be an affirmative quantity, then P will be affir-

mative or negative, according as Qjs an affirmative or negative

quantity, &c. Affiume therefore P = o and Q = o, and from,

the roots of the refulting equation can be deduced the cafes,

in which („v) becomes an affirmative quantity.

3. If more (
n
)
unknown quantities (.v, y 9

z
9 v, &c.) be con-

tained in a given equation ; then, by the preceding method,

find the limits of (z, v, &c.), between which (*) becomes an

affirmative or negative quantity, and let the quantities denoting-

the limits contain net more than («- 1) unknown quantities

:

from
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from the above-mentioned quantities or equations exprefling

the limits, And others denoting their limits, which do not con-

tain more than (

n

— 2) above-mentioned quantities, and fo on.

4. Often from the fubflitution of the limits of given quan-

tities can be acquired the limits of the remaining one (*).

Find all the greatefb values of the quantity (a:) contained be-

tween the above-mentioned limits, and thence can be deduced

the limits fought.

5. If there are given (m) equations involvin + 1) or

more unknown quantities ; then fometimes with, and fome-

times without, reducing them to others involving more few

unknown quantities can be found by the preceding method

limits ; and from comparing the limits fo acquired can fome-

times be deduced the limits fought.

6. If a given fun&ion of the unknown quantities (v, y, z,

&c.) is aflerted to be contained between given limits, when

other fundlions of the above-mentioned quantities are contained

between given limits, and the demonftration of it is required ;

from the given equations and the given functions find limits

of the unknown quantities reflectively, and if the latter limits

fire contained between the former, the propofition is generally

true, otherwife not.

7. From the above-mentioned principles can be found the ,

cafes in which an unknown quantity (a) admits of one or more

affirmative values.

8. It appears from the principles before delivered, that the

finding the number of affirmative and negative roots of a

given equation necefiarily includes the finding the number of

its impoffible roots ; and therefore it may not be improper to

fubjoin fomewhat on what has been done on this fubjedt.

1. Descartes
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1. Descartes gave a method of finding the number of affir-

mative and negative roots of a givqn equation, when all its

roots are pofiible
; but all the roots are very feldom in equa-

tions of fuperior dimenfions pofiible, unlefs when the equation

is purpofedly made.

2. It has been demonfirated by others and myfelf, that the

equation will at leaf! have fo many changes of figns from + to

—
, and — to -f , as there are affirmative roots, and fo many con-

tinued progrefies from + to + and — to -
, as there are ne-

gative roots.

3. A rule for finding in general the number of affirmative or-

negative roots in a biquadratic, and in the equation x” -f hxm

+ B = o, was firft publiffied in the Medit. Algebr.

4. Harriot demonftrated a method of finding the num-
ber of impoffible roots contained in a cubic equation. In

the year 1757 I fent to the Royal Society a method of finding

the number of impoffible roots contained in a biquadratic and

quadrato-cubic equations, and in the equation a,”c±;Aa*
,”±B = o.

5. ScHooTENgave a method of finding the number of impoffi-

ble roots which can be concluded from the deficient terms of an

equation. Newton gave a rule which often difcovers the num-

ber of impoffible roots contained in a given equation. Campbell

difcovered a new rule on the lame lubjebt. Mr. Maclaurin

has added fomewhat more general on thefe fubjects : thefe rules

may be rendered more general by a principle firlt given in the

Mifcell. Analyt, viz. multiplying the given equation into

a quantity x - a or {x — d) x
(
x-b), &c. and finding from the

rule the number of impoffible roots contained in the given

equation. Similar and more general rules and principles have

been added in the Medit. Algebr. Thefe rules, in equations of

fuperior dimenfions, feldom difcover the true number of im-

Vo l. LXXVIL M pofiible.
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poffible roots. I believe alio, that I firft gave a rule in the

Milcell. Analyt. for finding the number of impoffible roots

from finding an equation, whofe roots are the fquares &c.

of the roots of a given equation, which rule in equations

of luperior dimenfions fometimes finds impoffible roots,

when Newton’s, Campbell’s, &c. rules fail, and fails

when they find them ; and alfo a rule for finding im-

poffible roots from an equation, whole roots are the Iquares

of the differences of the roots of the given equation ; this

rule (as has been obfeived by me in the Milcell. Analyt.

and 1 hilofophicalTranfa&ions) always difcovers whether all the

roots of the given equation are poffible or not ; and the laff term

of the refulting equation difcovers alfo, whether o, 4, 8, 12,

&c. or 2, 6, 10, 14, &c. impoffible too^s, are contained in the

given equation ; to which may be fubjoined, if the given equa-

tion has r poffible and n — r~2t impoffible roots, that the num-

ber of changes of figns from + to - and — to -f in the refulting

equation will not be lefs than r . ,
and the number of con-

tinued progreffies from -f to + and — to — will not be lefs than t

:

whence, if the number of continued progrefifes be A, the

number of impoffible roots will not be greater than zt\ and

the number of poffible roots not lefs than n — 2/'. If the

number of changes of figns be //, the number of poffible roots

will not be greater than r\ where r' x Ludisthe greatefi poffible

number which does not exceed b\ and the number of impoffible

roots not lefs than n - /. Another rule was, I believe, firff given

by me in the Milcell. Analyt. 1 762, for finding impoffible roots

by finding an equation whofe roots are z, where xn —pxnmmml +
q.x

n~z — &c.. = %, and nx"~~' - n - 1 px”~~
z + n — 2 qxn~z - &c. = o.

In
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In the Medit. Algebr. fomewhat has been added concerning

impoflible, affirmative, and negative values of the unknown
quantities in an equation which involves two or more unknown

quantities ; and alfo was firfl delivered a rule from the number

of affirmative, negative, and impoflible roots of an equation

being known to find the number of impoflible, negative, and

affirmative roots of an equation, whofe roots have a given

algebraical relation to the roots of a given equation ; on which

two lafl: fubjedts little, I believe, had been before publifhed.

M 2
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XV. Experiments on the Production of Dephlogijliccited Air from,

JVater with various Subjianccs. In a Letter from Sir Benjamin

Thompfon, Knt. F, R. S to Sir Jofeph Banks, Bart. P . R. S.

i

Read Feb. 15, 178-7.

DEAR SIR, Munich, Sept. 1, 1786.

^"ARIOUS opinions having been entertained with refpedt to

the origin of the dephlogifticated air, produced by expo-

fing healthy vegetables in water to the adtion of th-e fun’s rays,

according to the method of Dr. Ingen-housz ; and not being

myfelf thoroughly fatisfied with any of the theories propofed,

I made the following experiments, with a view to throwing

fome new light upon that fubjedt.

Having found that raw filk polfelfes a power of attradling

and feparating air from water in great abundance, when expofed

in it to the action of light, it occurred to me to examine the

properties of this air, and to coniider more attentively the cir-

cumftances attending its production, thinking that this might

polfibly lead to fome further difeoveries, relative to the pro-

duction of the air yielded by water under other circumftances :

and though my fuccefs in thefe inquiries has not been equal to

my willies, yet, as in -the courfe of my refearches I have dis-

covered fome facts which I take to be new, and as I have con-

firmed others, already known, by a variety of new experi-

ments.
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ments, I flatter myfelf that you will not think an account of

my labours upon this fubjedt altogether uninterefting.

Before I enter upon the detail of my experiments it will be

neceflary to premile, that I fhall in general confine myfelf

merely to the fadts as they appear, without applying them to

the confirmation or refutation of the theories of others, and
• *

without entering into any fpeculative enquiries relative to their

remote caules ; and in defcribing the different appearances 1

fhall make ufe of the moll familiar terms. Thus, in fpeaking

ot the air produced upon expofing raw filk in water to the adtion

ot light, I fhall fometimes mention it as being yielded by the

filk ; and 1 fhall fometimes fpeak of the air furni filed by ex-

pofing water, which has previoufly turned green, in the fun’s

rays, as being immediately produced by the water, though it is

probable, that the green matter acts a very important part in

the produdfion of this air in the one cafe and in the other. But

how it adts is not well afcertained ; and I had in general much
rather confine myfelf to a fimple, and even an unlearned, de-

fcription of fadts, than by endeavouring to give more precife

definitions, at firff, to involve myfelf in all the difficulties

which would attend accounting for phenomena, whofe caufes

are but very imperfectly known.

You will, therefore, not be furprifed, if you fhould fome-

times find me fpeaking of appearances in the fame manner as

a perfon would mention them who faw them for the firff time,

and who did not know that others had dilcovered them before,

and how they had endeavoured to account for them. I fhall

take care that the fadts fhall be faithfully defcribed, and I flat-

ter myfelf you .will not think them the lefs intereffing on

account of their being unadorned.—But I haften to give you

an account of my experiments.

Expt-
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Experiment N° i.

My firft objeCl was to collet a fufficieilt quantity of the ah*

feparated from water by lilk to determine its goodnefs by the

tefl of nitrous air; and to this end, having filled with clear

ipring water a globe of thin, white, and very tranfparent

glafs, 4 1 inches in diameter, with a cylindrical neck f of an

inch in diameter, and about 1 2 inches long, I introduced into

it grains of raw filk, which had been previoufly wafhed in

water, in order to free it of air ; and inverting the globe under wa-

ter, and placing its neck in a glafs jar, containing a quantity of

the fame water with which the globe was filled, I expofed it

in my window to the aCtion of the fun’s rays, and prepared

myfelf to examine the progrefs of the generation or production

of the air.

The globe had not been expofed ten minutes to the aCtion of

the fun’s rays, when I difcovered an infinite number of ex-

ceedingly fmall air-bubbles, which began to make their ap-

pearance upon the furface of the filk ; and thefe bubbles con-

tinuing to increafe in number, and in fize, at the end of about

two hours the filk, appearing to be intirely covered with them,

rofe to the upper part of the globe.

Thefe bubbles going on to increafe in fize, and running into

each other, at length began to detach themfelves from the filk,

and to form a collection of air at the upper part of the globe

;

but the meafure of my eudiometer being rather large, it was

not till after the globe had been expofed in the fun near four

days, that a fufficient quantity of air was collected to make the

experiment with nitrous air, in order to afcertain its goodnefs by

that teft.

1
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Having at length colle&ed a fufficient quantity of this air

for that purpofe, 1 carefully removed it from the globe, and
mixing with i meafure of it 3 meafures ofnitrous air, they were
reduced to 1,24 meafures; which fhews, that it was adtually

dephlogijYuated air
, and that of a confiderable degree of purity.

Common air, tried at the fame time, 1 meafure of it with
I meafure of nitrous air were reduced to 1,08 meafure.

Having again expofed the globe with the fame water and filk

in my window, where the fun (hone the greateft part of the

day, at the end of three days 1 had collected 31 cubic inches

of air, which, proved with nitrous air, gave \a-yyi— 1,18;

that is to fay, 1 meafure of this air, added to 3 meafures of

nitrous air, were reduced to 1,18 meafure.

A fmall wax taper, which had been juft blown out, a fmall

part only of the wick remaining red-hot
,
upon being plunged

into a phial filled with this air, immediately took fire, and

burnt with a very bright and enlarged flame.

The water in the globe appeared to have loft fomething of its

tranfparency, and had changed its colour to a very faint

greenifh caft, having at the fame time acquired the odour or

fragrance proper to raw filk.

This experiment I repeated feveral times with frefh water

(retaining the fame filk) and always with nearly the fame re-

fult ; with this difference, however, that wrhen the fun (hone

very bright, the quantity of air produced was not only greater,

but its quality likewife was much fuperior to that yielded when

the fun’s rays were more feeble, or when they wrere frequently

intercepted by flying clouds. The air, however, was always

not only much better than common air, but better than the air

in general produced by the frefh leaves of plants expofed in

water to the fun’s rays in the experiments of Dr. Ingen-

housz ;
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housz; and under the circumftances the mod: favourable, it

was fo good that i meafure of it required 4 meafures of nitrous

air to faturate it, and 3,65 meafures of the two airs were de-

ll royed ; or, proved with nitrous air it gave ij + 472 = i ,35,

which, I believe, is better than any air that has yet been

produced in the experiments with vegetables.

The method I have here adopted of ufing algebraic cha-

racters in noting the refult of the experiments made to deter-

mine the goodnefs of air, though not ftriclly mathematical, is

very convenient ; and for that reafon, I fhall continue to make

ufe of it. a reprefents’the air which is proved ; 71 nitrous air ;

and the numbers which are joined to thefe letters fhew the

quantities, or the number of meafures, of the different airs

made ufe of in the experiment. The other number, which

Hands alone, or without any letter attached to it, on the other

fide of the equation, (hows the volume, or the number of

meafqres and parts of a meafure to which the two airs are

reduced after they are mixed. I fhall fometimes add a fourth

number, {hewing the quantity of the two airs deftroyed, as this

more immediately fliews the goodnefs of the air which is

Thus, in the experiment laft mentioned, 1 meafure of the

air proved, mixed with 4 meafures of nitrous air, were reduced

to 1,35 meafure, consequently 3,65 meafures of the two airs

were deftroyed ; for it is 1 + 4= 5
- 1,35 = 3,65, and the refult

of this trial I fhould write thus, i<z + 4«= 1,35, or 3,65.

Or, for ftill greater convenience in praClice, as this laft num-
ber 3,65, or 3-rV-s-lhews more immediately the goodnefs of the

air in queftion, as I have juft: obferved, by fuppofing with Dr.

Ingen-housz the meafure of the eudiometer to be divided

into 100 equal parts, it will be 1000 + 400«= 135, and 365,

expreffing
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«xprefling the volume of the two airs deftroyed, will become a

whole number.

But, inftead of writing 100^ + 400;;- 13^, &c. I fhall con-

tinue to write la \n — 1,35, and (hall exprefs the laft number

(3,65) as a whole number notwithftanding ; and I (hall fome-

times (following the example of Dr. Ingen-housz) write this

number only, in noting the goodnefs of any air in queflion.

I would juft obferve, with refpeCt to the procefs of proving

the goodnefs of any kind of air, by the teft of nitrous air,

that I mix the two airs in a phial, about 1 inch in diameter and

4 inches long, putting the air to be proved into the phial firft,

and then introducing the nitrous air, 011c meafure after ano-

ther, till the volume of the two airs after the diminution has

taken place, amounts to more than one meafure, and is lefs

than two meafures.

Immediately after the introduction of each meafure of ni-

trous air, I give the phial a couple of (hakes ; after which I

fuffer it to (land at reft, while I prepare another meafure of

nitrous air, which commonly takes up about 20 feconds.

The meafure of the eudiometer being filled with air, I fuffer it

to remain quiet under water 15 feconds, or while I can leifurely

count 30, in order that the air may have time to acquire the

temperature of the water in the trough, and that the water in

the meafure may have time to run down from the fides of the

glafs tube ; and in (hutting the flider I take care to bring it to

be exa&ly even with the furface of the water in the trough.

Similar precautions are likewife made ufe of in meafuring the

volume of the two airs in the tube of the eudiometer, after

they have been mixed and diminifhed in the phial.

In order that I may know when I have added nitrous air

enough to the air in the phial, fo that the volume of the two

Vol. LXXVII. N airs
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airs may amount to i meafure, and may not be greater than 2

meafures, there are two marks upon the phial, made with the

point of a diamond, the one (hewing I meafure of my eudio-

meter, the other (hewing 2 meafures.

The tube of my eudiometer is half an inch in diameter in-

ternally, and 1 meafure occupies 3! inches in length upon it,

and the meafure itfelf is made of a piece of the fame tube.

Both the one and the other are ground with fine emery on the

infide, in order to take off the polifh of the glafs, and by that

means facilitate the running down of the water, which might

otherwife hang in drops upon the infide of the tube upon the

introduction of air.

The nitrous air was always frefih made, and of the fame

materials, viz. fine copper wire di(folved in fmoking fpirits of

nitre, diluted with 5 times its volume of water ; and all pofii-

ble attention was paid to every other circumflance that could

contribute to the accuracy of the experiments.

I have thought it neceflary to mention thefe particulars oil

account of the great difference in the apparent goodnefs of any

kind of air proved by the ted; of nitrous air, which arifes from

the difference of the circumftances under which the experi-

ments are made.

But to return to my experiments upon the air produced upon

expofing filk in water to the aClion of the fun’s rays.

1

Experiment N° 2.

Finding that the quantity and the quality of the air produced

depended, in a great meafure, upon the intenfity of the light

by which the water and the filk were illuminated, I was defi-

rous of feeing whether by depriving them intirely of all light,

they would not at the fame time be deprived of the power of

furnifhing
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furniftiing air. To afcertain this fact, I took a globe A, fimi-

lar to that made ufe of in the foregoing experiment, and having

filled it with frefh fpring water, I introduced into it 30 grains

of raw filk, and placing it with its cylindrical neck inverted

in a jar filled with the fame water, I covered the whole with a

large inverted earthen veflel, and expofed it, fo covered up, for

feveral days in my window, by the fide of another globe B,

containing a like quantity of water and filk, which I left

naked, and confequently expofed to the direct rays of the fun.

The refult of this experiment was, that the water and filk

in the globe expofed to the fun’s rays furnifhed air in great

abundance, as in the experiment before-mentioned ; while that

in the globe covered up in darknefs, produced only a few

very inconfiderable air-bubbles, which remained attached to the

filk.

Experiment N° 3.

To fee if heat would not facilitate the production of air in

the globe fheltered from the light, I now removed it from the

window, and placed it near a German ftove, where 1 kept it

warmed to about 9o° of Fahrenheit’s thermometer for more

than 24 hours ; but this was all to no purpofe. The air pro-

duced was fo exceedingly fmall in quantity, that it could neither

be proved, nor meafured, there being only a few detached air-

bubbles, which had collected themfelves near the top of the

globe.

The medium heat of the water in the globe expofed in the

fun’s rays, at the time when it furnilhed air in the greateil:

abundance, was about 90° Fahrenheit. It was fometimes

as high as 96°; but air was frequently produced in confiderabie

quantities when the heat did not exceed 65 and 70 .

N 2 Ex be-
x
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Experiment Nc
4.

Finding by the laft experiment (N° 3.) that heat alone,

without light, was not fufficient to enable filk in water to pro-

duce air, 1 was delirous of feeing the effeCt of light, without

heat, upon them. To this end, I took the globe B, with its

contents, and plunging it into a mixture of ice and water

brought it to the temperature of about 50° F. and taking

it out of this mixture, and expofing it immediately in the

fun’s rays (which were very piercing at the time) I enter-

tained it in this temperature above two hours by the occafional

application of cloths, wT

et in ice water, to the lower part of

the globe.

Notwithftanding this degree of cold, a confiderable quantity

of air was produced ; though it was not furnifhed in fo great

abundance as when the globe was buffered to become hot in the

fun’s rays.

Having thus afcertained the great effeCt of the fun’s rays m
the production of the air furnifhed upon expofing filk in water to

their influence, my next attempt was to determine, whether

this arofe from any peculiar quality in the fun’s light ; on whe-

ther other light would not produce the fame effeCt. With a

view to afcertaining this point, which I conceived to be of

very great importance, I made the following interefling expe-

riment.

Experi?nent N° 3.

Having removed all the air from the globe B, and having

fupplied its place with a quantity of frefh water, fo as to ren-

der it quite full, I replaced it inverted in its jar, and removing

it into a dark room, furrounded it with 6 lamps with reflectors,

and
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and 6 wax-candles, placed at different diftances from 3 to 6
inches from it, and fo dilpofed as to throw the greateft quan-
tity of light poffible upon the filk in the water, taking care at

the fame time that the water fhould not acquire a greater heat

than that of about 90° F.

Things had not remained in this ftuation above 10 minutes,

when I plainly difcovered the air-bubbles beginning to make
their appearance upon the furface of the filk

; and at the end

of 6 hours, there was collected at the upper part of the globe

a quantity of air fufficient to make a proof of its goodnefs with

nitrous air; and, upon trial, I had the pleafure to find, that it

was dephlogiflicated
,
and of fuch a degree of purity, that 1

meafure of it with 3 meafures of nitrous air occupied no more
than 1,68 meafure.

I afterwards expofed, to the fame light, in fmall inverted

glafs jars, filled with water, a frefh-gathered healthy leaf of

the peach tree, and a flem of the pea plant with 3 leaves upon

it ; and both thefe vegetables furnifhed air in the fame manner

as they are known to furnifh it when expofed, under fimilar

circumflances, to the adlion of the fun’s diredl rays, but in lefs

quantities, which I attribute to the greater intenfity of the

fun’s light above that of my lamps.

The experiment with the (ilk and water I repeated feveral

times, always with nearly the fame refult. The quantity of

air furnifhed was fometimes a little greater, and fometimes a lit-

tle lefs ; but it was always in much greater abundance than that

furnifhed by an equal quantity of water and lilk expofed to the

fame heat, but excluded from the light
; and I have reafon to

think, it was of a much fuperior quality, though the quantity

of that produced in the dark was too fmall to be fubmitted to

any proof,

I Thefe
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Thefe experiments appear to me to be of fo much impor-

tance, that I could wifh they might be repeated, and varied,

in fuch a manner as thoroughly to eftablifh the fads relative to

the fubjed in queftion. For my part, I would moft readily

undertake the inveftigation of the matter ; but being employed

in another purfuit (the continuation of my Experiments upon

Heat), and, befides this, much of my time being taken up by

the duties of my military employment, I have not leifure, at

•prefen t, for fuch an undertaking.

Perhaps it may be proved by future experiment, that the

matter of light is a conftituent part of what is called pure or

dephlogifticated air; if fo, may we not venture to conclude

with M. Scheetle, that the light
, as well as the heat, pro-

duced by flame, and in general all burning bodies, arifes folefy

from the decompofition of this air, and not from the phlo-

gifton or inflammable principle of the body which is burnt ?

There are many phenomena which would feem to juftify this

opinion.

But to proceed in the account of my experiments.—The

operation of inverting the globes under water, and placing

them in the jars, and of displacing and replacing them upon

removing the air produced, being attended with fome incon-

veniences, I had recourfe to another method of difpofing of

the apparatus, much more Ample and more convenient. The

globes being filled were laid upon a fmall piece of deal board,

with their necks inclined at an angle of about 20° above the

plane of the horizon, and fupported in this pofition by a per-

pendicular fork of wood, fixed to the end of the board, as

reprefented by the figure. (See Tab.VI.) The part of the board,

upon which the under part of the globe repofed, was hollowed a

little, to prevent the globe from rolling
; or, what I found

more
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more fafs and convenient, a fmall ring, or hoop, of foft wood,

was nailed down upon the board in that part.

By this arrangement the jars were fpared, and the end of

the neck of the globe being eafy to be come at,.by introducing

a wire, or, what I commonly made ufe of in preference, a

fmall glafs tube, into the globe, the air hanging attached to the

filk can at all times be feparated from it ; which is often necef-

fary, in order to determine with greater precifion the quantity

of air furnifhed in any given time.

The air produced naturally rifes to that part of the globe

which is uppermoft, where it collects in a body, driving out an

equal volume of water ; which, to prevent its running about,

may be collected, by placing a proper vefiel under the mouth,

or end of the neck of the globe, to receive it.

The method of removing the air from the globe is too well

known to require a defcription. I would however obferve,

that in doing it care fhould be taken, that the water in which

the globe is immerfed be quite clean, and of the fame kind with

that in the globe, otherwife that which enters the globe, to

replace the air removed, might derange the experiment.

Having provided myfelf with a number , of globes of dif-

ferent fizes, all fitted with boards or Hands to fupport them,

in the manner above defcribed, I proceeded in the courfe of my
experiments as follows.

Finding that raw filk, expofed in water to the action of

light, caufes the water to yield pure air in fo great abundance,

1 was defirous of finding out whether this arofe from any pecu-

liar quality poffeffed by the filk ; or whether other bodies might

not be made to produce the fame effect : to this end, having

provided 6 globes, each about inches in diameter, and

having filled them with frefh lpring-water, I introduced into

them
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them the following fubftances, and expofed them all, at the

fame time, to the action of the fun’s rays.

In the globe N° i. I put 15 grains of fheep’s wool,

N° 2. 15 grains of Eider down,

N° 3. —— 15 grains of the fine fur of a Ruf-

fian hare,

N° 4. 15 grains of cotton wool,

N° 5. 15 grains of lint, or the ravelings

of fine linen,

N° 6. 15 grains of human hair; thefe

fubftances being all well wafhed, and being thoroughly freed

of air, by being wet before they were put into the globes.

The refults of thefe experiments were as follow’s.

Experiment N° 6.

The globe N° 1 . which contained the fheep’s wool, did not

begin to furnifh air in any’ confiderable quantity till the third

day of its being expofed to the action of the fun’s rays ; and

feveral days of cloudy weather intervening, I did not remove

the air till the eighth day, when I collected if cubic inch,

which, proved with nitrous air, gave 1^ + 3^= 1,28, or 272

degrees.

The wool at no time furnifhed more than one-third part of

the air, which an equal quantity of filk would have furnifhed

under the fame circumflances.

The water was very faintly tinged of agreenifh hue.

Experiment N° 7.

The water in the globe N° 2. with the Eider down, began

almoft immediately to furnifh air, and continued to yield it

during the whole time of the experiment, nearly in as large

quantities



rm the Production of Dephlogificated Air.
p 7

quantities as the water with filk had done in the former expe-

riments, and nearly of the fame quality. 1 1 cubic inches of

this air, furnifhed the eighth day from the beginning of the

experiment, or the third of funfhine, proved with nitrous air

gave 10 + 372—1,24., or 266 degrees of purity.

The water was faintly tinged of a greenifh, yellowifh call,

and the Eider down, when examined attentively, appeared to

be covered with a greenifh dime.

Experiment N° 8.
»

The globe N° 3. with the hare’s fur (which was white) fur-

nifhed more air than the fheep’s wool, but not fo much as the

Eider down. After four days of funfhine, 1 collected 2 cubic

inches of this air, which, proved with nitrous air, gave

ia + 3?2— 1,44, or 256.

The water had acquired a very faint yellowifh hue ; but it

did not appear to have loft much of its tranfparency, or to be

dilpofed to depofit any fediment.

The air produced in this experiment made its appearance in a

different manner from that furnifhed in thofe preceding it, the

air -bubbles which appeared upon the furface of the fur being

at confiderable diftances from eacli other, and growing to an

uncommon iize before they detached themfelves to rife to the

furface of the water.

Experiment N° 9.

The globe N° 4. with cotton wool furnifhed a confiderable

quantity of air which appeared to be better than that furnifhed

by any of the five other globes. Proved with nitrous air, it

turned out ia + 30=11,0-], or 293 ; and, what was particular,

the water did not appear to have altered its colour in the leaft,

or to have loft any thing of its tranfparency.

Vol. LXXVII. O Expe'
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Experiment N° io.

The globe N° 5. with ravelings of linen, was very tardy in

furniffiing air, and produced but a fmall quantity ; at the end

of a fortnight, however, I collected about 2 cubic inches, which,

proved with nitrous air, gave 1^ + 38=1,51, or 249.

The air appeared to have very little difpofition to fix itfelf to

the furface of this fubflance. It was very feldom that there

were air-bubbles enough attracted to it to caufe it to rife to the

furface of the water, and the few bubbles which occaflonally

made their appearance very foon difappeared upon the diminu-

tion of the light and heat of the fun. In fhort, it appeared,

that there is but a very feeble attradion between this fubflance

and the particles of air, at leaf! when they are diflolved in

water. Whether this arifes from the fuperior affinity of the

fubflance to water, or not, I will not pretend to decide ; but it

appears to be probable, as there is fo ftrong an attraction be-

tween wrater and linen, or flax, which is apparent from the

avidity with which a piece of dry linen drinks up that fluid,

and becomes wet, even to a conflderable diftance, when one

end of it only is placed in it.

You will recoiled that I here confider the feparation of the

air from water as a Ample operation ; and that I do not take

into the account the purification, or rather the generation, of

this air. Though there is great reafon to conclude, that thefe

two operations are very nearly conneded
;

yet, to Amplify my
inquiries, I fhall, in the Aril place, confider the appearances as

they prefented themfelves to my fenfes. It will be eafy after-

wards to draw any concluAons from the refults of the experi-

ments, which a careful examination and comparifon of the

various phsenomena will juflify.

Expe-
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Experiment N° 1 1

.

The globe N° 6. with human hair, furnifhed flilllefs air than

that with ravelings of linen in the laid mentioned experiment

;

but, notwithfdanding the fmallnefs of the quantity, it was con*

fiderably fuperior in quality to atmofpheric air, for, proved with

nitrous air, it gave ia -f- 20 zz 3,45, or 155; whereas common
air, proved at the time, gave ia + ik—i,o8 , or 92.

Experiment N° 12.

To afcertain the relative goodnefs of the air furnifhed by the

water in thefe experiments, and of that produced by expofing

frefh healthy vegetables in water to the action of the fun’s light,

according to the method of Dr. Ingen-housz, I collected a

fmall quantity of air from a Idem of a pea plant, which had

four healthy leaves upon it, and found it to be much inferior to

that furnifhed in the experiments with filk, and the various

other fubftances I made ufe of. Proved with nitrous air, it gave

in -j- 2n— 1 ,05, or 1 95.

An intire plant of houfewort, of a moderate fize, expofed

in 12 ounces of water 7 hours, to the action of the fun’s rays,

at a time when the weather was remarkably fine, and very hot,

furnifhed about | of a cubic inch of air, which was fo much

worfe than common air, that 1 meafure of it, with 1 meafure

of nitrous air, occupied 1,36 meafures ; or it was =

1,36, or 64. But I lay no kind of fdrefs upon the refult of

this experiment, as it is more than probable, that the badnefs of

the air arofe from the roots of the plants ; for from the leaves

alone I have frequently fince obtained air, which appeared to

be confiderably better than common air.

O 2 From



ioo Sir Benjamin Thompson’s Experiments

From the leaves of the peach-tree I obtained an air which,

proved with nitrous air, gave la + i ,32, or 168; but I

did not think it neceffary to multiply thefe experiments, par-

ticularly as Dr. Ingen-housz and Mr. Sennebier have given

us the refults of fo many of theirs upon the fame fubje£t, of

the accuracy of which there is no room left to doubt. I fhall

therefore content myfelf with referring to the refults of their

experiments.

With a view to determining, with greater precifion, the quan-

tity and the quality of the air produced by a given quantity of

water and filk, expofed for a given time to the adtion of the

fun’s rays, I made the following experiment.

Experiment N° 13.

A globe of fine, clear, white glafs, about 8_V inches in

diameter, and containing 296 cubic inches, being filled with

frefh fpring water and 30 grains of raw filk, was expofed in my
window three days, viz. the 12th, 13th, and 14th of May laft,

thefe days being for the moft part cold and cloudy, with Ihort

intervals of funfhine. Air produced 9 \ cubic inches; quality

itf+3»=i
9
6i, or 239.

May 15. This air being removed, and its place fupplied

with frefh water, the globe expofed in the fun this day from

nine o’clock in the morning till five o’clock in the afternoon, the

weather being very fine, yielded 8 cubic inches of air,

which, proved with nitrous air, gave 1^ + 4^= 1,74, or 326.

The heat of the water in the globe, during the experiment, was

from 7o° to 98" F. The water had now loft confiderably of

its tranfparency, and had affirmed a light greenifh hue.

May 16. The air furnifhed yefterday being removed, the

globe furnifhed this day, during fix hours of funfhine, 9 cubic

3 inches
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inches of air, which, proved with nitrous air, gave i#-f 4*2 =
*>44> or 356.

May 1 7. The globe furnifhed this day, during 3I hours of

funfhine, 6 cubic inches of air, of a very eminent qualitv

;

for, proved with nitrous air, it gave ui 4- 1,35, or

365 -

May 18. This day cold and cloudy; not more titan if

hours funfhine ; air produced f of a cubic inch
;

quality

1274-422=11,56, 01*344.

May 19. The globe appearing now to be quite exhaufled of

air, fhewing no figns of furnifhing any additional quantity,

though expofed to the a£lion of a very bright fun, I removed

the globe from the window, and placed it by the fide of a

German {love, where it was kept warm to ioo° F. from 10

o’clock in the morning till 5 o’clock in the afternoon. By this

means I obtained f of a cubic inch of air, which, proved

with nitrous air, gave ia-{-^n— 1,74, or 326.

Not being able to obtain any more air from the globe, I now

put an end to the experiment.

The quantities and qualities of the airs furnifhed upon the

different days were as follows :

Quantity. Quality.

Upon the 12th, 13th, and 14th of May 9! cubic inches 10 + 3771=1,61, or 239

15th - - 8 t
4
o 5 - - 10 + 477= 1,74, or 326

16th - - 9
- - 10 + 47?:=: 1,44, or 356

17th - - 6 - 10+ 477=1,35, or 365

1 8th - - |
- - 10+ 477=1,56, or 344

19th - — |
- - 10 + 477—1,74, or 326

Total quantity - 33t
9
/c Mean quality 10 + 477= 1,84, or 316

As in this experiment the air furnifhed each day was removed

at night, and the place it occupied in the globe fupplied with

frcfli
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frefh water, I was defirous of feeing what variation it would

occafion in the refult of the experiment, if, inftead of remov-

ing the air from time to time, I fufFered it to remain in the

globe till the end of the experiment : to this end I made

Experiment N° 1 4.

I11 which the globe being filled with frefh water, and the

filk ufed in the laft experiment (being firft well wafhed), the

whole was expofed four days to the action of the fun’s rays,

the weather being remarkably fine, and very hot. Upon re-

moving the air produced, I found it amounted to 30^ cubic

inches ; and its quality, proved with nitrous air, was la + ^n

r= 1,02, or 298,

I fhould have continued the experiment for fome days longer,

as the globe did not appear to be exhaufted ; but the quantity

of air already collected in the globe was fo great that it became

very difficult to remove it, without running the rilk of lofing

a part of it, or of letting the air of the atmofphere enter the

globe, either of which would of courfe have fpoiled the expe-

riment. For fafety therefore, and that I might not by an acci-

dent lofe the trouble I had already had with it, I put an end

to the experiment at the end of the fourth day.

The water had loft of its tranfparency, and had acquired a

greenifh caff, as in the laft experiment ; and in both thefe

experiments I obferved, that a confiderable quantity of wbitifh

yellowiffi earth was precipitated by the water, which, falling to

the bottom of the globe, attached itfelf to the glafs in fuch a

manner that it was with difficulty that it could be removed.

Thefe were general appearances, and took place in all cafes, in

a greater or lefs degree, where a confiderable quantity of pure

air was feparated from water by the influence of light.

4 Expe-
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Experiment N° 1 5.

The (ilk made ufe of in the laid experiment having been

frequently ufed in the foregoing experiments, I was defirous of

feeing the efFedt of making ufe of frefh filk ; and alio of vary-

ing the proportion between the quantity of filk, the quantity

of water, and the fize of the globe ; accordingly, at 6 o’clock

P.M. upon the 13th of June, I filled a fmall globe, about 3
inches in diameter, or (to afcertain its fize more exactly) which

contained juft 20 cubic inches, with frefh fpring water, and

17 grains of raw filk, wound in a fmgle thread, which had

never been put into water, or otherwife ufed, fince it came out

of the hands of the filk-winder.

At the end of four days, viz. the 14th, 15th, 1 6th, and

17th of June, this globe had only furnilhed | of a cubic inch

of air, which, proved with nitrous air, gave \a + m=z 1,32,

or 68 ; confequently was much worfe than common air.

Upon the 1 8th, it began to produce good air, and during fix

hours of funfhine it furnifhed 1 cubic inches, which,

proved with nitrous air, gave \a + 3^= 1,15* or 285.

The two following days (viz. the 19th and 20th of June)

it furnifhed i T~- cuhic inch of air, which, proved with ni-

trous air, gave ia + yi~ 1,37? 01*263; after which i? totally

ceafed to yield air, though expofed for feveral days in the fun’s

rays.

Total quantity of air produced z-Pio cubic inches; mean

quality 1^ + 3^= 1,46, or 254.

By this experiment it appears, that raw filk, when ufed for

the firft time, does not immediately difpofe the water to yield

pure air ; on the contrary, that it phlogifticates the air yielded

by
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by water to a very confiderable degree ; and this I afterwards

found to be the cafe with feveral other fubflances.

Though the quality, at a medium, of the air furnifhed in

this experiment was not quite fo good as that furnifhed in the

two experiments lafb mentioned (viz. N° 13. and N° 14.), yet

its quantity, in proportion to the quantity of water made life

of, was greater than in either of them : it amounted to fome-

thing more than one-eighth of the volume of the water.

Of all the fubflances I had hitherto made ufe of in thefe

experiments, raw filk had furnifhed the greatefl quantity of

pure air ; or, to exprefs myfelf more properly, had caufed the

water to furnifh the greatefl quantity ; but it appeared to me

very probable, that fome other body might be found, - that

pofTefl'ed this property in a flill greater degree than (ilk. Turn-

ing this matter in my mind, it occurred to me, to make the

experiment with the filky, or rather cotton-like, fubflance

produced by a certain lpecies of the Poplar- tree, Populus

nigra
,
very common in this country, and which, I believe,

grows in England. I recollected that examining it fome time

before, with a ditferent view (that of feeing if it might not be

made ufe of with advantage, as a fubflitute for Eider down),

and endeavouring to render it very dry, by expofing it in a

china plate over a chafing- difh of hot embers, when it had

acquired a certain degree of heat fmall parcels of it quitted the

plate of their own accord, and mounted up to the top of the

room.

This convinced me of the time not only of its extreme

finenefs, but aifo of the flrong attra&ion which fubfifts be-

tween it and the particles of air ; and it now occurred to me,

that thefe qualities not only render it peculiarly proper as a

fubflitute of Eider down, for confining hear, but likewife are

properties
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properties of all others the moftneceffary to its Supplying the

place of filk in the produ&ion of air, by expofmg it in water

to the a&ion of the fun’s rays. I therefore loft no time in

making the following experiments.

Experiment N° 16.

The great globe (contents 296 cubic inches) being filled

with frefh fpring water, and 120 grains of poplar cotton,

upon the evening of the 9th of June, and being the next day,

the 10th of June, expofed to the fun about four hours, upon

the morning of the nth the air produced was removed, and

its quantity was found to be i|- cubic inch. Its quality was
very bad, viz. 1a 4- in rz 1 ,65, or 35 degrees only better than

thoroughly phlogifficated air.

Upon the l ith, 12th, and 13th, 1 cubic inch of air only

was produced, and this appeared to be as bad as poffible ; for,

proved with nitrous air, it gave 1^4- m— 2, or o.

Upon the 14th a few air-bubbles only were furnifhed; but,*

notwithstanding thefe unfavourable appearances, I lfill conti-

nued the experiment, and my patience was amply rewarded ;

for the next day, the 1 5th, the fun being very powerful, and

the weather very hot, the water changing fuddenly to a green ifh

colour, began all at once to give good air in great abundance.

In the courfe of the day 10-YV cubic inches were produced,

which, proved with nitrous air, gave 1^ + 3;;= 1,43, or 257.

June 1 6th, a very warm clear day. The globe expofed in

the fun, from 8 o’clock in the morning till 5 o’clock in the

afternoon, furnifhed 14-rYo cu kic inches of air, which, proved

with nitrous air, gave ia + $n = i, 34 >
or 2 ^ 6 .

Vol. LXXVII.
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June i/th, cloudy, with intervals of fun Chine. The globs

with about 4 hours fun gave 7-; cubic inches of air, of a.very

eminent quality, vi%. la + 4« = 1 ,40, 01*360.

The water having by degrees loft its tranfparency, and hfav-t

ing acquired a deep green colour, it broke up this day, and de-

pofited a green feditnent
; after which it recovered its tranfpa-

rency, and became almoft colourlefs. It continued, notwith-

ilanding, to furnifh air in conhderable quantities.

June 1 8th, being expofed in the fun’s rays from 8 o’clock

In the morning till 2 o’clock in the afternoon (when the hea-

vens became overcaft), the globe yielded 6 1
Z~7~ cubic inches of

air, which, proved with nitrous air, gave la \n = 1,44,

or 356.

June the 19th and 20th. Thefe two days the globe furnidled

no more than 3-/“ cubic inches of air, which, proved with

nitrous air, gave \a -p yi — 1,06, or 294; after which it ceafed

totally to furnifh air, and the colour of the water changed to a

dead yellowifh call, and the cotton affumed the fame hue.

The following are the quantities and qualities of the different

parcels of air furnifhed in the courfe of this experiment.

Quantity. Quality.

Upon the 10th of June l| cubic inches ia+ in= 1,65, or 35

Uth, I2th, and 13th I - - ifl+ioz=2, or O

14th - n ta. M

15th 10v%V la + 3«z=I,43, or 257

16th - 1 4

1

3
oV — ia+ 3«= 1,34, or 266

17th 7 io\ la + 4«:=: 1,40, or 360

1 8th - 6iVc - la + 4«= 1,44, or 356
19th and 20th -

3tVs Ii7 + 3M— 1,06, or 294

Total quantity 44^ Mean qviality ia-f 30 =r 1,23, or 277
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This experiment was repeated, and with nearly the fame
refult; the total quantity of air produced being 41 f cubic

inches, and its quality, at a medium, \a + $n— 1,26, or 274.

To afcertain the relative finenefs of this poplar cotton, and

the thread of raw filk as fpun by the worm, in order to make
an eftimate of the furface of the former, I examined them
both at the fame time under an excellent microfcope, when
the diameter of the cotton, that is to fay, of a tingle threader

fibre of it, appeared to be not more than half as great as the

diameter of the filk, confequently its diameter was not more

than -3-Vtt part of an inch; for 1 have (hewn, in a former

letter, that the diameter of a thread of filk, as fpun by the

worm, is only TT
f

TT of an inch.

The fpecific gravity of the cotton I found to be very nearly

equal to that of water, confequently it is to that of filk as

1000 to 1724; its furface, therefore, is to the furface of an

equal weight of raw filk in the compound proportion of 2 to 1,

and of 1734 to iooo ; that is to fay, as 3468 to 1000.

Now, as the furface of 30 grains of raw filk amounts to

476 fquare inches, the furface of 30 grains of poplar cotton

muft amount to 1651 fquare inches, which gives 55 fquare

inches of furface for each grain in weight ; confequently the

furface of the cotton made ufe of in the foregoing experiment

(N 9

16.) did not amount to lefs than 6600 fquare inches (for

120 grains, the weight of the cotton, multiplied by 55, gives

6600) an enormous furface indeed for a body, whofe folid

contents did not amount to quite half a cubic inch.

From hence it appears evidently, that the quantities of air

furnifhed by water, in the experiments with raw filk, and with

poplar cotton, were neither in proportion to the quantities of

thefe fubftances made ufe of, nor to the quantities of their

P 2 furfaces.
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Surfaces. It appears likewife, from the two laft experiments,

that the air which is furnifhed in the beginning of the experi-

ment, or when the water is firft expofed to the action of the

fun’s rays, is neither fo good, nor in lo great abundance, as

afterwards, at a more advanced period ; and that it totally ceafes

to be produced after a certain time.

To afcertain, with greater precition, the qualities of the air

furnifhed at different periods of the experiment, or rather the

period when the water begins to give good air p, and alfo to-

determine the relative quantities and qualities of the airs pro-

duced in the experiments with raw filk, and in tbofe with,

poplar cotton, I made the following experiments.

Experiment N° 17.

A globe, about 44 inches in diameter, containing juft 46

cubic inches, being filled in the evening with frefh fpring wa-

ter, and 30 grains of raw lilk which had been previoufly

wafhed thoroughly to free it of air and the remains of former :

experiments, and being expofed the next day in- my window,

the weather being cold and cloudy, with not more than 1 hour

of funfhine, | of a cubic inch of air was produced, which,

proved with nitrous air, gave in -p 2«= 1,86, or 114.

The two following days, the weather being clear and mode-

rately warm, 3-3 cubic inches of air were produced, which,

proved with nitrous air, gave 1*74-372= 1,14, or 296.

Experiment N° 1 8 .

The globe having been again filled with frefh fpring

water, and the fame filk which had ferved in the laft experi-

ment, after 2 nights, and 1 day of about 4 hours fun, it had

furniftied 1^ cubic inch of air, whofe quality was ia+2nzz

or J 97*

The
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The two following days, the weather being very fine, it

furnifhed 3 cubic inches of air, which, proved with nitrous

air, gave itf-P4«=r 1,5 8, or 342.

Expertmetit AT 1 9.

The globe being again filled with frefh water, and the fame

filk well wafhed, and being expofed 2 days in the fun, it gave

2-p~ cubic inches of air, which, proved with, nitrous -air, gave

2^4-3^= 1,67, or 233.

Experiment N° 20.

A like globe, with frefh water, and an equal quantity of
’

poplar cotton which had been ufed in former experiments, *

being expofed at the fame time, gave cubic inches of air*

whofe quality was la + ^n^ 1,20, or 280.

Experiment AT 21.
% **

A frnall globe, contents 20 cubic inches, with 17 grains of

raw filk, expofed at the fame time, gave 1 cubic inch of air* .

which turned out \a + yi— 1 ,3 7,
or 263.

Experiment N° 22.

A large globe, containing 296 cubic inches, being filled

with frefh water and a frnall quantity of conferva rivularis

and expofed at the fame time with the three globes above-men-

tioned, gave 1 1 cubic inch of air, which, proved with ni-

trous air, gave itf + 2»= 1,76, or 124.

The water in this experiment was changed to a brown co-

lour, owing, as I conceived, to the too great heat the conferva

acquired in the fun.

Thefe experiments were made between the 2d and the 5th

of July.

Expe-
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~ Experiment N° 23.

Surprifed at the fm'allnefs of the quantity, and the inferior

quality, of the air produced in the.Taft, experiment, I was in-

• duced to repeat it; accordingly, * the globe being again filled

with water, and a quantity of frefh conferva rivularis (a final!

: handful), and being expofed to the action of the fun’s rays

t during 3 fine days, 1 3 pp0
- cubic inches , of air were produced,

\%vhich, proved with nitrous air, gave \a-\-yi~ 1,54, or 246.

At the end of the experiment the water appeared to be very

; faintly tinged of a greenifh call.

The two following experiments were made-m pen the 20th

, and 2 1 ft of AugufL

"Experiment N° 24.
t

A globe, about 4I inches in diameter (contents 46 cubic

I Inches) being Riled with frefh fpring water, and 30 grains of

, raw filk which had been ufed in many preceding experiments,

and being expofed to the aflioir of‘ the fun’s rays two days, in

all about 8 hours of funfhine, the weather being cloudy great

part of the time, i T -|o cubic inch of air was produced,

which, proved with nitrous air, gave i<2 + 3«= 1,96, or

204.

‘Experiment N° 25.

At the fame time an equal globe, containing frefh fpring

water, and about 1 5 grains of poplar cotton (which had like-

wife been ufed in former experiments) produced i-,~ cubic

inch of air, which, proved with nitrous air, gave ia+ 7
)
n=:

1,40, or 260.

The
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The water in both thefe experiments had acquired a faint,

greenifh cad ; but the colour of that with the cotton was
rather the deeped.

Upon examining this water under a microfcope, I found it

contained a great number of , animalcules, exceedingly final!,

and of nearly a round figures That with the filk contained t

the fame: kind of animalcules dikewife, but not. in- fo great

abundance. I never failed to find them in every cafe in which-

the water .ufed in an experiment had acquired a greenifh hue;

and from their prefence alone, I think it more than probable,

that the colour of ^the. water, in the firf in/tance^ arofe in alt:

cafes. I have.fpent a great deal- of time in obfer.ving them,

and have made many experiments upon their produdtion ; but

as- 1 have not yet been able to fatisfy my own mind, with \

refpebt to the part they a£t in the operation of purifying the air.

in water, I (hall not add to the length of this letter by giving

an account of my enquiries and obfervations refpe&ing them.

I ’was yet by* no means fatisfied with refpebf to the part r

which the filk and other bodies, expofed in water in the fore-' -

going experiments, adfed in the purifying or dephlogiflicating ;

of the air produced.

Dr. Priestley has long fince difeovered, that many animal-

and vegetable fubftances putrefying, or rather diffolving, ia

water, in the fun, caufe the water to yield large quantities of

dephlogifticated air ; but I could hardly conceive, that the

fmall quantity of filk which was ufed in my experiments, and*

which had been conftantly in water for more than three

months, and had fo often been wafhed, and even boiled ia.

water, fhould yet retain a power of communicating any thing

to the large quantities of frefh water in which it was fuccef-

fively placed ; at leaft any thing in fufficient quantities to impreg-.

nate
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11 ate thofe bodies of water, and to caufe them to yield the great

abundance of air which they produced.

It was full more difficult to account for the purification of

the air in the experiments with wool and fur, and human hair ;

efpecially, as in fome of thefe experiments the water had not

fenfibly changed colour, nor did it -appear to have loft any

< thing of its tranfparency. lit is true, in thefe cafes, the quan-

tities of air produced were very final! ;
but yet its quality was

. better than, that of common air, and confiderably fuperior to

that of the air exifting in the water, previous to its being ex-

poled to the aCtion of the fun’s light, iln ffiort, it wasdephlo-

giflicated in the experiment ; but the manner in which tlm

was done is very difficult to afeeftain.

With a view to throwing fome new light -upon this- intricate

fubject, I made the following experiments.

; Experiment N° 26.

Concluding that if filk and other bodies, ufed in the fore-

going experiments, actually did not. contribute any thing, con-

iidered as chymicai fubitances, .< in the. procefs of the production

of pure air yielded by water.; but if, on the contrary, they

aCted merely as .a. mechanical aid in the Jeparation of the air

from the water, by affording a convenient furface for the air

to attach itfelf to ; 1 in this cafe, any other body, having a

large furface, and attracting air in water, might be made ufe of

inftead of filk ini the experiment, and pure air would be

furniffied, though the body fo made ufe of ffiould be totally

incapable of communicating any thing whatever to the water.

To afeertain this faCt, walking the great globe (containing

.296 cubic inches) perfectly clean, and filling it with frelh

fpring water, I introduced into it a quantity of the fine flexible

a thread



an the Production of Dephlogijlicated Air. 1
1 ^

thread of glafs, commonly called fpun glafs, fuch as is ufed for

making brufhes for cleaning jewels, and for making a kind of
artificial feather frequently fold by tbe Jew pedlars. This
fpun glafs is no other than common glafs drawn out, when
hot, into an exceeding fine thread; which thread, in confe-

quence of its extreme finenefs, retains its flexibility after it

has grown cold.

I made choice of this fubftance not only on account of its

great furface, but alfo on account of the ftrong attradlion which

is known to fubfift between glafs and air, and the impoflibility

of its communicating any thing to the water.

The relult of the experiment was, that the globe being ex-

pofed in the fun, air-bubbles began almoft immediately to make

their appearance upon the furface of the fpun glafs, and in 4
hours -/oV °f a cubic inch of air was collected, which,

proved with nitrous air, gave ia+jn=i,i 2 9 or 88; after

which, not a fmgle air-bubble more was produced, though the

globe was expofed a whole week in the window, during which

time there were feveral very warm, fine, iunfhiny days.

This experiment (hews evidently, that fomething more is

wanting to the production of pure air by water, expofed in the

fun, than merely a furface to which the air diflolved in the

water can attach itfelf, in order to its making its efcape.

The air furnifhed in this experiment was doubtlefs merely

that with which the water ifluing from the earth was over*

charged, and wdiich would have made its efcape' from the

water, had the water, inftead of being expofed with the fpun

glafs in the fun, been limply left for fome time expofed to the

free air of the atmofphere.

It appears, that this air, naturally exifling in fpring water,

inftead of being dephlogiflicated, is fomething worfe than

Vol. LXXVII. " Q common
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common air ; and this agrees with the obfervations of Dr.

Priestley, and feems to juflify his opinion with refpedt to

the caufe of the fertility of lands wafhed by waters iffuing from

the earth.

If the above experiment fhews that fomething is wanted to

be mixed with water, in order to enable it to yield pure air,

when expofed to the aflion of the fun’s light, the following,

fhew, that thisfomething , whatever it may be, is frequently to

be found in the water itfelf, in its natural Bate.

Experiment N° 27.

A large jar of clear white glafs, containing 455 cubic inches,

being wafhed very clean, was filled with frefh fpring water,

and inverted in a glafs bafon of the fame, and placed in the

middle of the garden of the Elector’s Palace, where it was

left expofed to the weather 28 days.

At the fame time another like jar was filled with water,

taken from a pond in the garden, in which many aquatic

plants were growing, and was expofed in the fame place, and

during the fame period. This water had a very faint greenifh

caff. The pond from which it was taken is fed by a large river

(the Ifar), which runs by the town.

The fecond day after thefe waters had been expofed in the fun,

I obferved, that a fmall quantity of air had collected itfelf at

the upper part of each of the jars.

The third, fourth, and fifth days, the pond water furnifhed

air in pretty large quantities ; and it went on to yield it without

intermiflion, when the fun fhone upon it, till the fourteenth

day, when it feemed to be nearly exhaufted. I continued the

experiment, however, till the twenty-eighth day, though during

the
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the lad fortnight the quantity of air in the jar did not appear to

be fenfbly increafed.

The fpring water, during the frft five or fix days, furnifhed

very little air ; and it was not till the fourteenth day that it

began to yield it in any confderable quantities. From this

time it went on to furnifh it, though but very (lowly, till

about the twenty-fecond day, when it ceafed, appearing to be

quite exhauded.

Upon the twenty-eighth day I removed the airs from the jars,

when I found their quantities and qualities to be as follows :

Quantity. Quality;

Air furnifhed by the fpring water 14 cubic inches \a-\- 2n~ 1,62, or 138

by the pond water 31! — ia-{- 3**— 1,48, or 252

Neither the colour of the fpring water, nor that of the

pond water, appeared to be fenfibly changed ; but both the one

and the other of thefe waters had depofted a confderable quan-

tity of earth, which was found adhering to the furfacesof the

glafs bafons in which the jars were inverted.

As thefe bafons were rather deep, and as they were very

thick in glafs, and confequently not very tranfparent, their

bottoms, where the fediment of the water was colledted, were,

in a great meafure, obfcured or deprived of the diredt rays of

the fun. Sufpedling that this circumftance might have had

fome effedt, fo as to have hindered the water from furnifhing fo

much air as otherwife it might have yielded, to fatisfy myfeif

refpedting this matter 1 repeated the experiment, difpofing

the apparatus in fuch a manner, that the fediment of the water,

which attached itfelf to the bottom of the veffel in which the

jar was inverted, had the advantage of being perfe&ly illu-

minated.

Q 2 Expe-
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Experiment N° 28.

In a large cylindrical jar, of very fine tranfparent glafs, 10

inches in diameter, and 12 inches high, filled with fpring

water, I inverted a conical glafs jar, 9I inches in diameter at

the bottom, and containing 344 cubic inches, filled with the

fame water ; and expofed the whole 21 days, in a window

fronting the fouth.

The quantity of air produced amounted to 40 cubic inches

and its quality, proved by the teft of nitrous air, gave 1 a + yi

= 1,87, or 212.

The water in this experiment furnifhed very little air till the

feventh day ; but after that time, having a{fumed a faint greenifh

caft, and a fine greenifh {limy fediment (the green matter of

Dr. Priestley) beginning to be formed upon the bottom of

the jar, it began to yield air in abundance, and continued to

furnifh it in pretty large quantities till about the eighteenth

day, when it appeared to be exhaufted.

Why the water fhould turn green in this experiment, and

not in the laid, I know not ; unlefs it was in confequence of

the large furface of wrater in the cylindrical jar, which was ex-

pofed to the air in this experiment ; or in confequence of the

fun’s {hining direCtly upon the bottom of the veflel where the

fediment was formed.

In the former experiment the bafon in which the jar was

inverted was but juft big enough to admit the jar ; and as the jar

was cylindrical, the lurface of the water expofed to the atmo-

fphere, in the bafon, was but very fmall ;
and the bafon being

very thick, and formed of glafs which, though of the white

kind, was of an inferior quality, and very imperfectly tranfpa-

rent, as I have already obferved, the bottom of the bafon,.

7 where
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where the fediment was formed, was but very imperfedUy

illuminated.

I intended to have repeated thefe experiments with variations,

and to have made feveral others which I had projedted, and which

I thought might have thrown fome further light upon this won-

derful procefs of the produdtion of the pure air yielded by water

;

but a feries of unfavourable weather putting a flop to my enqui-

ries, and my time having been much taken up fince with other

avocations, I have hitherto been prevented from putting my de-

figns in execution ; and the feafon proper for thefe experiments

is now fo far advanced, that I do not think it will be in my
power to recommence them till the next year. In the mean

time, to fulfil my promife to you, I fend you this account of

the progrefs I have already made in thefe refearches
; and,

when I fhall find leifure to purfue the matter further, I fhall

not fail to acquaint you with the refult of my enquiries.

I have the honour to be, &c.

POSTSCRIPT.
SINCE writing the above, an interval of fine weather, and'

a moment of leifure, have given mean opportunity of making

a few more experiments, of which I have thought it right to

give you a fhort account.

And I muff begin by acquainting you, that having never

been thoroughly latisfied with refpedt to the origin of the de-

phlogifticated air produced upon expofing frefh vegetables in

water to the adlion of the fun’s rays, according to the method

of Dr. Ingen-t-iousz, my doubts, with refpedt to the opinion

generally entertained of its being elaborated in thevelfels of the

plant,.
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plant, inftead of being removed, were rather confirmed by the

refill t of the experiments of which I have given an account in

the foregoing letter ; and however difpofed I was to adopt the

beautiful theory of the purification of the atmofphere by the

vegetable kingdom, 1 was not whiling to admit a fa£t which

has been brought in fupport of it, till it fhould appear to me

to have been demon ftrated by the moft decifive experiments.

That the frefh leaves of certain vegetables, expofed in water

to the aflion of the fun’s rays, caufe a certain quantity of

pure air to be produced, is a fact which has been put beyond

all doubt ;
but it does not appear t© me to be by any means fo

clearly proved, that this air is “ elaborated in the plant by the

“ powers of vegetation “ phlogifticated or fixed air being

“ firft abforbed or imbibed by the plant as food, and the dephlo-

gifticated air being rejefted as an excrement :” for, befides

that many other fubftances, and in which no elaboration, or

circulation, can poffibly be fufpefted to take place, caufe the

water in which they are expofed to the aflion of light to yield

dephlogifticated air as well as plants, and even in much greater

quantities, and of a more eminent quality, the circumflances

of the leaves of a vegetable, which, accuftomed to grow in air,

are feparated from-its Item, and confined in water, are fo un-

natural, that I cannot conceive, that they can perform the

fame functions in fuch different fituations.

Among many fadls which have been brought in fupport of

the received opinion of the elaboration of the air in the veffels

of the plants in the experiments in queftion, there is one upon

which great ftrefs has been laid, which, I think, requires fur-

ther examination.

The frefh healthy leaves of vegetables, feparated from the

plant, and expofed in water to the aflion of the fun’s rays,

5 appear,
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appear, by all the experiments which have hitherto been made,

to furnifh air only Jor a fleort time ; after a day or two, the

leaves changing colour, ceafe to yield air : and this has been

conceived to arife from the powers of vegetation being de-

ftroyed ; or, in other words, the death of the plant
; and from

hence it has been inferred, with fome degree of plaufibility,

not only that the leaves adtually retained their vegetative powers

for fome time after they were feparated from their flock, but

that it was in confequence of the exertion of thefe powers,

that the air, yielded in the experiment, was produced.

But 1 have found, that though the leaves, expofed in water

to the action of light, actually do ceafe to furnifh air, after a

certain time, yet that they regain this power after a fhort in-

terval, when they furnifh (or rather caufe the water to furnifh)

more and better air than at firft, which can hardly be accounted

for upon the fuppofition that the air is elaborated in the veffels-

of the plant.

Experiment N° zy.

A globe, containing 46 cubic inches, filled with frefh fpring

water and two peach leaves, was expofed in the window to the

adtion of the fun’s rays, 10 days lucceflively (the weather

being in general fine), when the following appearances took,

place.

The 1 ft and 2d day, a certain quantity of air was produced,

about as much as in former like experiments. The 3d day very-

little was produced ; and the 4th day none at all, the globe to all,

appearance being quite exhaulted. Continuing the experiment,

however, upon the 3
th day, the water having acquired a faint

greenifh hue, air was again produced pretty plentifully, making

its appearance upon the Jurface °J
the leaves in the form of air~-

bubblesr,
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bubbles
,

as at the beginning ofthe experiment ; at the end of the

6th day the air was removed, and it was found to amount to

-j
5-*- of a cubic inch, its quality being 232 degrees, or la + ^n

— 1,68.

Upon the 7th day of a cubic inch of air was produced of

297 degrees, or \a-\-yi~ 1,03; and

During the 8th, 9th, and roth days, 1 f cubic inch of

air, of 307 degrees (or 1a 4. ±n =r 1,93), was furnifhed ; after

which an end was put to the experiment.

Total quantity of air produced 3^- cubic inches ; mean

quality 291 degrees, or \a -f 3^ = 1 ,09.

Finding that leaves which were dead, or in which all the

powers of vegetation were evidently deffroyed, continued not*

withftanding to feparate air from water, and that in fo great

abundance, I was defirous of feeing the effect of expofing frefh

healthy leaves in water which I knew to be previoufly fatu rated

with, and difpofed to yield dephlogifticated air. I conceived,

that if the plants expofed in water adlually imbibed fixed or

phlogifticated air as food, and, after digefling it,
44 difcharged

44 the dephlogifticated air as an excrement in that cafe, as

there is no inftance of any plant, or animal, being able to

nourifh itfelf with its own excrement, the leaves expofed in

water faturated with dephlogiflicated air, infiead of imbibing

and elaborating it, would immediately die.

The experiments which l made to afcertain this fa£t, and

which, without any comment, I fhall fubmit to your confi-

deration, were as fellows.

'Experiment N° 30.

Having provided a quantity of water, which, by being ex-

pofed with a few green leaves in the fun, had acquired a

greenifh call, and which I found was difpofed to yield dephlo-

.giflicated
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gidicated air in great abundance, I filled a globe, containing

46 cubic inches, with this water, and putting to it two

healthy peach leaves, expofed the globe in the fun upon the

7th of September, from 1 1 o’clock in the morning till 2 o’clock

in the afternoon
(3 hours), when /- of a cubic inch of air was

produced, which, proved with nitrous air, gave 1a+yi— 1,52,

or 248 degrees.

A like globe, with frefh fpring water and two peach leaves,

expofed at the fame time, furnifhed only L of a cubic inch of

air, which, on account of the fmallnefs of its quantity, I did

not fubmit to the ted; of nitrous air.

Experiment N° 3 1

.

September 8. Very fine clear weather, but rather cold for

the feafon. Three equal globes, A, B, and C, containing each

46 cubic inches, were filled as follows, and expofed in the fun

from 9 o’clock in the morning till half an hour paft 4 in

the afteriroon, when they were found to have produced air

as under mentioned.

The globe A, filled with water, which, by being previoufly

expofed in the fun for feveral days, with potatoes cut in thin

dices, had turned green, furnifhed -?%. of a cubic inch of air

of 299 degrees, or ia + ^n= 1,01. N. B. This water, before

it was put into the globe, was drained through two thicknedes

of very fine Irifh linen.

The globe B, filled with the fame green potatoe water

(drained as before) to which were added four middling-fized

peach leaves, furnifhed 2§ cubic inches of air of 320 degrees,

or ia-\- 4.12 = 1,80.

The globe C, filled with frefh fpring water, with four peach

leaves, furnifhed -p-
4- of a cubic inch of air of 151 degrees, or

which, proved with nitrous air, gave ia-\-2n= 1,49.

Vol. LXXVI 1 . K To
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To afcertain the quantities and qualities of the airs remain-

ing in the different waters ufed in this experiment, putting the

globes feparately over a chafing-difh of live coals, and making

the water boil, taking care to hold the globe in fuch an in-

clined pofition as that the air feparated from the water might

be collected in the upper part of the globe, the airs produced

were as follows.
t

Quantity. Quality.

By the green water in the globe A, of a cubic inch 280 degrees

By the green water in the globe B, — — 241

By the fpring water in the globe C, 7V(t — — 68

The waters in thefe experiments were made to boil but for a

moment ; otherwife, it is probable, more air might have been

feparated from them.

Finding that frefh leaves, expofed to the adtion of the fun’s

rays, in water which had already turned green, caufed pure air

to be feparated from the water in fo great abundance, I repeated

the experiment, only, inftead of leaves’, I now made ufe of a

fmall quantity of conferva rivularis ; when I had nearly the

fame refult as with the leaves.

To afcertain the relative quantities and qualities of the airs

yielded by the green water, when expofed with frefh leaves,

and when expofed with raw filk; and alfo to afcertain, at the

fame time, how long leaves, expofed in green water, retain

their power of feparating air from it, I made,

Experiment N° 32.

Two equal globes, A and B (containing 46 cubic inches),

the former (A) filled with green potatoe water, {trained through

linen, and four peach leaves; the latter (B) filled with the

fame potatoe water, {trained in like manner, and 1 7 grains of

4 raw
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raw filk, were expofed from Sunday noon, September loth,

till Monday evening, the weather being cold, with many flying

clouds, in all about 6 or j hours fun.

The airs produced were as follows.

Quantity. Quality.

By the globe A, with green water and 4 peach leaves 2 TV cubic inches 292 deg.

By the globe B, with green water and 17 grs. ofraw filk 2tV - — 307

Another globe (C), filled with green water alone, was expofed

at the fame time ; but it was broken by an accident before the

experiment was completed.

The two globes (A and B) with their contents, being again

expofed from Tuefday noon till Thurfday evening, yielded air

as follows.

Quantity, Quality.

The globe A, with the peach leaves 4-iVff cubic inches 344 degrees

The globe B, with raw lilk » — 4^ — — 350

N. B. The weather on Tuefday and Wednefday was cold,

with very little funfhine ; but Thurfday was a very fine warm

day, when the greateft part of the air was produced. This

air was removed and proved on Friday morning the 15th Sep-

tember^

Perhaps all the appearances above deferibed might be fatif-

fa&orily accounted for, by fuppoflng the air produced in the

different experiments to have been generated in the mafs of

water by the green matter ; and that the leaves, the filk, &c.

did no more than ajjiji it in making its efcape , by affording it a

convenient furface to which it could attach itfelf, in order to

its colle&ing itfelf together, and taking upon itfelf its elaftic

form.

R 2 The
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,

&c.

The phenomena might likewife be accounted for by fup~

pofing the green matter to be a vegetable fubftance, agreeable to

the hypothecs of Dr. Priestley, and that attaching itfelf to

the furfaces of the bodies expofed in the water, as a plant is

attached to its foil, it grows ; and, in confequence of the

exertion of its vegetative powers, the air yielded in the experi-

ment is produced.

I fhould moft readily have adopted this opinion, had not a

mod careful and attentive examination of the green water,

under a mod: excellent microfcope, at the time when it ap-

peared to be moft difpofed to yield pure air in abundance, con-

vinced me, that, at that period, it contains nothing that can

poffibly be fuppofed to be of a vegetable nature. The colour-

ing matter of the water is evidently of an animal nature,

being nothing more than the affemblage of an infinite number

of very lmall, active, oval- formed animalcules, without any

thing refetnbling tremella
,

or that kind of green matter
, or

water mofs, which forms upon the bottom and fides of the

veflel when this water is fuffered to remain in it for a conli-

derable time, and into which Dr. Ingen-housz fuppofes the

animalcules above-mentioned to be actually transformed.

But having finifhed the account of my experiments, I fhall

finifh my letter, not daring to venture conjectures upon a fub-

jeCt fo intricate in itfelf, and which is yet fo new, and upon

which the ableft philofophers of the age feem to be fo much
divided in opinion.
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XVI. An Account of the Difcovery of Two Satellites revolving

round the Georgian Planet. By William Herfchel, LLD .

F. R. S.

Read Feb. 15, 1787.

The great diflance of the Georgian planet, and its pre*

fent fituation in a parr of the zodiac which is fcattered

over with a multitude of fmall ftars, has rendered it uncom-

monly difficult to determine whether, like Jupiter and Saturn,

it be attended by fatellites. In purfuit of this inquiry, having

frequently directed large telefcopes to this remote planet, and

finding myfelf continually difappointed, I afcribed my failure

to the want of fufficient light in the inftruments I ufed ; and,

for a while, gave over the attempt.

In the beginning of laft month, however, I was often fur-

prifed when I reviewed nebulae that had been feen in former

fweeps , to find how much brighter they appeared, and with

how much greater facility I faw them. The caufe of it could

be no other than the quantity of light that was gained by lay-

ing afide the fmall fpeculum, and introducing the Front-view
;

an account of which has been inferted, by way of note, to

the Catalogue of Nebulae contained in the Philofophical

Tranfa&ions, vol. LXXVI. p. 499.

It would not have been pardonable to negledl fuch an advan-

tage, when there was a particular objedt in view, where an

acceffion of light was of the utmoft confequence; and I won-

dered
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dered why it had not druck me fooner. The i ith of January,
\

therefore, in the courfe of my general review of the heavens,

I felecled afweep which led to the Georgian planet ; and, while

it palled the meridian, I perceived near its difk, and within a

few of its diameters, fome very faint dars whofe places I

noted down with great care.

The next day, when the planet returned to the meridian, I

looked with a molt fcrutinizing eye for my fmall dars, and

perceived that two of them were milling. Had I been lefs

acquainted with optical deceptions, I fhould immediately have

announced the exidence of one or more fatellites to our new

planet ; but it was neceflary that I Ihould have no doubts.

The lead; hazinefs, otherwife imperceptible, may often ob-

fcure fmall dars ; and I judged, therefore, that nothing lefs

than a feries of obfervations ought to fatisfy me, in a cafe of

this importance. To this end I noticed all the fmall liars that

were near the planet the 14th, 17th, 18th, and 24th of Ja-

nuary, and the 4th and 5th of February; and though, at the

end of this time, I had no longer any doubt of the exidence of

at lead one Satellite, I thought it right to defer this communi-

cation till I could have an opportunity of feeing it actually in

motion. Accordingly I began to purfue this fatellite on Feb.

the 7th, about fix o’clock in the evening, and kept it in view

till three in the morning on Feb. the 8th ; at which time,

on account of the dtuation of my houfe, which intercepts a view

of part of the ecliptic, I was obliged to give over the chace : and

during thofe nine hours I faw this fatellite faithfully attend its

primary planet, and at the fame time keep on, in its own
courfe, by defcribing a condderable arch of its proper orbit.

While I was chiefly attending to the motion of this fatellite,

I did not forget to follow another fmall dar, which I was

pretty
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pretty well affured was alio a fatellite, efpecially as I had, on
the night of the 14th of January, obferved two fmall Stars

which were wanting the 17th, and again miffed other two the

24th which had been noticed the 18th; but, whether owing
to my great attention to the former fatellite, or to the clofenefs

of this latter, which was nearly hidden in the rays of the planet,

I could not be well allured of its motion. Indeed, towards

morning, when a change of place, in fo considerable an in-

terval as nine hours, would have been moll confpicuous, the

moon interfered with the faint light of this Satellite, fo that I.

could no longer perceive it.

The SirSt moment that offered for continuing thefe observa-

tions was on February the 9th, when I faw my firSb difco-

vered fatellite nearly in the place where I expefled to find it.

I perceived alfo, that the next luppofed fatellite was not in the

Situation where I had left it on the 7th, and could now diStin-

guilh very plainly that it had advanced in its orbit. Since that

day, in the fame direction with the other fatellite, but at a

quicker rate. Hence it is evident, that it moves in a more con-

tra61ed orbit ; and I Shall therefore call it in future the firSt

Satellite, though lall difcovered, or rather lall afcertained ; Since

I do not doubt but that I faw them both, for the firfl time, on

the fame day, which was January the nth, 1 787.

I now directed all my attention to the firft fatellite, and had

an opportunity to fee it for about three hours and a quarter

;

during which time, as far as one might judge, it preferved its

courfe. The interval which the cloudy weather had afforded

was, however, rather too Short for feeing its motion Suffi-

ciently, fo that I deferred a final judgment till the 10th ;

and, in order to put my theory of thefe two Satellites to a

trial, I made a Sketch on paper, to point out before-hand their

Situation
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fituation with refpedt to the planet, and its parallel of decli-

nation.

The long expedted evening came on, and, notwithftanding

the moft unfavourable appearance of dark weather, it cleared

up at laft. And the heavens now difplayed the original of my
drawing, by (hewing, in the (ituation I had delineated them,

Dhe Georgian Planet attended by two Satellites.

I confefs that this fcene appeared to me with additional

beauty, as the little fecondary planets feemed to give a dignity

to the primary one, which raifes it into a more confpicuous

lituation among the great bodies of our folar (yftem.

For upwards of five hours I (aw them go on together, each

purfuing its own track ; and I left them (ituated, about two

o’clock in the morning on February the nth, as they are

reprefented in the figure, Tab. VII. The letters S, N,

P, F, denote the fouth, north, preceding, and following parts

of the heaven Sj as they are feen, by thefront-view, in my tele-

fcope. The fouth preceding fatellite is the fecond, or that

whofe motion was fi rft afcertained ; the other is that which

moves in a fmaller orbit, or what I have called the firfi: fatel-

lite ; and the direction of their motion is according to the order

P, S, F, N, of the letters.

I have not feen them long enough to afiign their periodical

times with great accuracy; but fuppofe that the firfi; performs

a fynodical revolution in about eight days and three-quarters,

- and the fecond in nearly thirteen days and an half.

Their orbits make a confiderable angle with the ecliptic
; but

to afiign the real quantity of this inclination, with many

other particulars, will require a great deal of attention, and

much contrivance : for, as eftimations by the eye cannot but be

extremely fallacious, I do not expedt to give a good account of

their





/
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their orbits till I can bring fome of my micrometers to bear

upon them ; which, thefe laft nights, I have in vain attempted,

their light being fo feeble as not to Suffer the lead; illumina-

tion, and that of the planet not being ftrong enough to render

the lmall filk-worm’s threads of my delicate micrometers vifi-

ble. I have, nevertheless,, feveral refources in view, and do

not defpair of Succeeding pretty well in the end.

W. HERSCHEL.
Slough, near Windfor,

February it, 1787.

f
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XVII. Remarks on Mr. Brydone’s Account of a remarkable

Thunder form in Scotland. By the Right Honourable Gharles

Earl Stanhope, F. R. S.

Read February 15, 1787 .

§ 1. O ftorm of lightning has ever produced efFeCts more

1. ^ curious to contemplate than thofe related by Mr.

Brydone, in his Letter to the Prefident of this Society. That

account contains facts of luch confequence, and fo perfectly

inexplicable by the principles of electricity which are com-

monly received, that it undoubtedly deferves particular atten-

tion.

It appears, that a man (named “ James Lauder”) fitting

on the fore-part of a cart drawn by two horfes,. was luddenly

{truck dead, as alfo the horfes that he was driving, and that

the cart itfelf was much injured by electrical lire, although no'

lightning fell at, or near, the place where this accident hap-

§ 2. Before I attempt to account, by the laws- of electricity,

for this remarkable phenomenon, it may not be improper juft

to take notice, that few fadts of this kind have ever been

better authenticated than this is.

It appears, firft, that a man, who was fitting upon the fore-

part of another cart, only twenty-four yards behind the cart

that was {truck, uTad Lauder, his cart and horfes, full ini

“ view when they fell ; he was ftnnned by a loud report, and

“ faw his companion, his horfes and cart, fall to the ground ;

“ lie
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w he immediately ran to his afiidance, but found him quite
“ dead ; he perceived” (at the time of the accident) “ no flafh

“ or appearance of fire.”

It alio appears, that another man, a fhepherd of St. Cutli-

bert’s farm, was alfo a witneis of this event. He was didant

from Lauder “ between two and three hundred yards, and was
“ looking at the two carts, when he was dunned by a loud

“ report, and at the fame indant faw the fird of the carts fall

* c to the ground. He faw no lightning, nor appearance of fire

“ whatever.”
• •

The concurrent tedimonv of thefe two men is confirmed

by Patrick Brydone, Efq. who lives “ at a fmall didance”

from the fpot where Lauder was killed: and Mr. Brydone
relates, that a dorm appeared far off; and that he, and fome

company in his houfe, were “ fuddenly alarmed by a loud

“ report, for which they were not prepared by any preceding

“ dafh.” There is the greater weight to be given to this

account of Mr. Brydone, as it fo happened, that he was jud

then “ obferving the progrefs of the dorm, at an open win-

“ dow, in the iecond dory of his houfe,'’ and making the

company “ obferve, by a dop-watch, the time that the found

“ took to reach them.”

It is extremely fortunate, that a gentleman, fond of philo-

fophical enquiries, ihould have been upon the fpot at the time

of this accident, to give to the world fo clear and intereding

an account.

§ 3. That the death of Lauder and of the horfes was not

occafioned by any direct mainJirohe of cxp'ojion from a thunder-

cloud, either pofitively or negatively electrified, is evident

;

fince no lightning whatever did pafs from the clouds to the

S 2 earth
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earth (or from the earth to the clouds) at the place where they

were killed.

§ 4. It Is equally evident (and for the very fame reafon) that

they were not deprived of life by any tranfmitted mainJlroke of

expiofon ,
either pofitive or negative.

§ 5. It is alfo obvious, that the lateral expiofon was not the

caufe of this mifehief; for the lateral * expiofon does always

proceed immediately from the main broke itfelf ; and therefore

there can exift no lateral expiofon
,
in the cafe when there is no.

main broke whatever.

§ (). It might, perhaps, be fuppofed, that Lauder and the

two horfes were fuddenly fuffocated by the fulphureous fmeil

that often accompanies electricity.

But though the death of the man and of the horfes might

(by fome) be attributed to this caufe, the fulphureous fmeil

will no wife account for “ many pieces of the coal having been

“ thrown out, to a considerable dibance, all round the cart;”

and for the “ fplinters” (from the wood-work of the cart)

that were 44 thrown off in many places,” as appears, by Mr.

Brydone’s account, to have been the cafe.

§ 7. Some perfons may imagine that Lauder and the

horfes might have been killed, and that the other effeCts above-

mentioned might be accounted for, by fome fudden and very

violent commotion in the air, which commotion the thunder

might be fuppofed to produce, though unaccompanied with

any flafh at that place; in a manner, in fome fmall degree,

fimilar to the fatal wounds that fometimes have been known

to have been given by the air having been fuddenly difplaced

* See Dr. Priestley’s excellent Paper in the fixtieth volume of the Philo-

fophical Tranfa&ions, page 192 et feq. Sec alfo my Principles of Ele&ricity,

§ 386 - 5^7

by
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by a cannon ball, in its paflage through that atmofpherical

fluid, though the cannon ball itfelf had evidently neither

flruck the perfon wounded, nor even grazed his cloaths.

The “ d ufh that role at the place” might he brought as an

additional argument in favour of the opinion, that a fudden

•and violent commotion of the air did occalion the efFetts- pro*

- duced.

But fuch an explanation (vague as it is) would' not account

for the “ marks of fufion” on the iron of the wheels ; nor

for “ the hair of the horfes having been finged nor for

“ the Ikin of Lauder’s body having been burnt” in many
places.

§ 8. I think, from the different circumfiances of this cafe,

that it is clear to demonilration, that the effects produced pro-

ceeded from electricity ; and that no eleftrical fire did pafs im-

mediately either from the clouds into the cart, &c. or from

the cart, &c. into the clouds.

From “ the circular holes” in* the ground (“ of about

“ twenty inches in diameter”) the refpettive “ centers of

“ which were exattly in the track of each wheel,” and the

correfponding 4t marks of fufion” on. the iron of the wheels,

which marks “ anfvvered exattlv to the center of each of the
^ *

“ holes;” it is evident, that the elettrical fire did pafs (from

the earth to the cart, or from the cart to the earth) through

that part of the iron of the wheels which wras in contact with

the ground.

From the 46 fplinters that had been thrown off, in many

“ places, particularly wrhere the timber of the cart was con-

“ netted by nails or cramps of iron,” and from the various

other effetts mentioned in Mr. Brydone’s Paper, it is moreover

evident, that there was a violent motion of the elettrical fluid in

ally
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all, or (at leaf!) in different parts of the cart, and of the bo-

dies of the man and horfes, although there were no lightning.

§ 9. Wonderful as thele combined facts may appear, and

uncommon as they certainly are in this country, they are,

neverthelefs, eafy to be explained by means of that particular

fpecies of electrical (hock, which I have diftinguifhed in my
Principles * of EleCtricity (publifhed in 1779) by the appella-

tion of the “ eledirical returning Jiroke and although at the

time I wrote that Treatife, I had it not in my power to pro-

duce any inftance of perfons or animals having been killed in

the very peculiar manner fmce related in Mr. Brydone’s

Paper ; I did, however (from my experiments mentioned in

that Book), venture to afiert, with confidence, that f, “if

“ perfons be ftrongly fuperinduced by the eleCtrical atmofphere

“ of a cloud, they may (under circumftances fimilar to thofe

“ explained in that Treatife) receive a very ftrong fhock, be

“ knocked down, or be even killed, at the inftant that the

“ cloud difcharges, with an explcfion, its eleClricity, whether

“ the lightning falls near the very place where thofe perfons

“ are, or at a very confiderable diflance from that place, or

“ whether the cloud be pofitively or negatively eledirified.”

And I moreover dated that
J,

“ whether the diftance be-

“ tween the perfon fo circumftanced, and the place where the

“ lightning falls, be fifty or an hundred yards, or one mile, or

“ two miles, or three miles, or more, the truth of the ge-

* See Principles of Electricity, containing divers new Theorems and Experi-

ments, together with an Analyfis of the fuperior Advantages of high and pointed

Conductors; by Charles Yi'fcount Mahon, F. R. S. from § 20a. to § 34.-.

inclusively.

f See Principles of Electricity, §311.

J See Principles of Electricity,
§ 313.

“ neral
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neral proportion there laid down would not be any wife
“• affe&ed.”

I have alfo explained, in that Treatife, how a ftiil more
lingular effect might he produced, namely, how * “ an explo-

“ fion, which happens in one place, may caufe in a fecond

“ place (at a verv confiderable diftance from the firft place)

“ a fudden returning ftroke, which may knock down, or even

“ kill, perfons and animals at that fecond place; at the fame
‘•‘ time that other perlons, or other animals, fituated in a third’

“ place, that is even immediately between the fir ft place

“ where the lightning falls, and the fecond place (juft men-
“ tioned) where the fhock of the returning ftroke happens*

“ fhall receive no detriment whatever.”

§ io. Having, in my Principles of Electricity -f, explained at

large the nature of the returning ftroke,
I will not trefpafs upon

the time of this Society, by repeating the account of any of

the various experiments that I made, to prove the poftible

exiftence of fuch an electrical ftroke ; but I will, at once,,

apply the general laws, which I have (therein) laid down, to

the particular phenomena related bv Mr. Brydone.

But, before I fpeak.of the accident of Laudek, which ap-

pears to me to have been occafioned by a returningJirok-% pro-

ceeding from an ajfemblage of clouds, 1 will lay a few words

upon one or two other fails, mentioned in Mr. Brydone’s

account.

§ 1 1. Mr. Brydone informs us, that “ the fhepherd belong-

“ ing to the farm of Lennel-Hill was in a neighbouring field,

“ when he obferved a lamb (only a few yards from him) drop

“ down, although the lightning and claps of thunder were,

* See Principles of Electricity, § 3 1 4*

t See Principles of Electricity, from § 2C2 to § 347, inclufively.

y “then,,
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44 then, at a great diflance from him. He ran up immediately,

44 but found the lamb quite dead ; nor did he perceive the leait

44 convulfive motion, or fymptom of life remaining, although,

44 the moment before, it appeared to be in perfect health.”

This effeCt is fo precifely fimilar to thofe explained in my
Principles of eleCtricity, and particularly to that mentioned in

fe&ion 328, that it is quite unneceflary to enlarge upon it. I

will only obferve, that fuch an eleCtrical returningJlroke as

that by which this lamb was deflroyed (namely, a returning

flroke, which happens at a place where there is neither light-

ning nor thunder near) belongs to the mod; Ample clals ot

returning ftrokes ; and that it may be produced by the fudden

removal of the elaftic electrical p reflu re of the electrical atmo-

fphere of aJingle * main cloud, as well as by that of an ajjem-

blage t of clouds.

It appears by Mr. Brydone’s account, that the fhepherd,

who faw the lamb fall, was near enough to it to feel, in a

fmall degree, the eleCtrical returning flroke 44 at the fame

“ time” that the lamb dropped down.

§ 12. Mr. Brydone further relates, that 44 a woman
44 making hay near the banks of the river fell fudden ly io

44 the ground; and called out. to her companions, that llie had
44 received a violent blow on the foot, and could not imagine

44 from whence it came.”

This blow was, unqueftionably, the eleftrical returjiing

Jlroke .

When a perfon, walking or {landing out of doors, is

knocked down or killed by the returning Jlroke , the eleCtrical

fire muft ruth in, or ruth out, as the cafe may be, through that

* See Principles of Electricity,
§ 312.

>{• See, in my Principles of Electricity, the end of the note to § 312.

perfon’s
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perfon’s feet and through them only; which would not be

the cafe, were the perfon to be knocked down or killed by any

main llroke of explofion, either pofitive or negative.

Thefie things are evident. But the manner in which Lau-
der and the two horfes were killed is not quite fo evident,

though it appears to me to be very eafily accounted for.

I will now ldate, in what manner I conceive that the clouds

may have been placed, when the effects mentioned in Mr.

Brydone’s Paper were produced.

§ 13. I mu ft premile that, by that account, it appears, that

the cloud was many miles in length ; inafmuch, as j aft before

the “ loud report,” the lightning was at a very “ great dif-

“ tance for Mr. Brydone “ obferved, by a {fop-watch, that

“ the time that the found took to reach him was generally from

“ 25 to 30 feconds.”

Mr. Brydone relates, that the “ loud report refembled the

“ firing of feveral mufkets, fo clofe together, that the ear

“ could hardly feparate the founds, and was followed by no

“ rumbling noife like the other claps.”

This defeription indicates, that the ele&rical explofion was

not far dilfant , and alfo fhews, that it was not extremely

near : for, if the explofion had been extremely near, the ear

could not at all have feparated the lounds.

§ 1 4. Now let us fuppofe a cloud, eight, ten, or twelve

miles in length (be the fame more or lefs) to be extended over

the furface of the earth, in the fituation reprefented by ABC
in the figure. (See Tab. VIII.)

And let another cloud (as reprefented by DEF) be fituated

between the above-mentioned cloud and the earth.

* See Principles of Ele&ricity, from § 322. to § 327* inclufively.

Vol. LXXVII. T Let.
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Let the two clouds be fuppofed to be charged (for inftance)

with the fame kind of electricity, and to be both politive.

Let us further fuppofe, that the lower cloud DEF be near

the earth, only a little beyond the ftriking diftance
; and let a

man, cart and horfes, be fituated at L, under that part (E) of

the cloud which is theneareft to the earth.

Now, let us fuppofe this cart to be afeending an hill, and

to be in the fituation defcribed by Mr. Brydone, namely,

to have “ almoft gained the higheft part of the afeent,” and to

be followed by “ another cart” (M) lower down the hill.

Let us fuppofe alfo, that the two clouds DEF and ABC be

near each other, perpendicularly over the place where the cart

L was fituate (as at DA).

And let the remote end C, of the upper cloud ABC, ap-

proach the earth, within the ftriking diftance, and fuddenly

dilcharge its electricity into the earth at G.

§ 15. Things being htuated as above defcribed, let us exa-

mine what confequences muft follow.

Firft, when the upper cloud ABC difeharges its electricity

into the earth at G, the lower cloud DEF muft immediately

difeharge its eleCtricity into the upper cloud at the place DA,
which is directly or nearly over the cart L.

This accounts for the “ loud report” of thunder that was

unaccompanied by lightning at L or at M. The report

muft be loud, from its being near ; but no lightning could

be perceived at L or M, by reafon of the thick thunder cloud

DEF being fituated immediately between the fpeCtator at M
and DA, the place between the two clouds where the lightning

was.

§ 16. Secondly, as the lower cloud DEF did gradually ap-

proach towards the earth at L, fo as to come finally into the

htuatioa
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fituation reprefented in the figure; the earth at L muff, of

courfe, become fuperinduced by the elaftic electrical preflure of

the electrical atmolphere of the thunder-cloud
; which fuper-

induced elaftic electrical preflure muft gradually have increafed

as the cloud came clofer to the earth, and approached nearer

to the limit of the finking diftance.

§ 17. Confequently, if any conducting body (not having

any prominent conducting points) were to be placed at L,

upon the furface of the earth, and to be there electrically in -

fulated\ then fuch conducting body, by the laws of eleCtri-

city, muft, at its upper extremity (namely, the part neareft to

the poftive cloud) become negative ; at its lower extremity, it

muft become poftive ; and, at a certain intermediate point, it

will be neither plus nor minus.

So that this infulated conducting body, thus fituated, will

be in three oppofite dates at one and the fame time ; that is

to fay, that it will be, at the fame inftant, pofitively eleCtrifled,

negatively eleClrified, and not eleCtrified at all.

This propofition 1 have rigoroufly demonflrated in rov

Treatife * on Electricity.

§ 18. But if this conducting body, on the furface of the

earth, be not infulated -j~, or be but imperfeCtly infulated, then

the whole of fuch body (from its being immerged in the elec-

trical atmofphere of the poftive cloud) will become negative ;

becaufe part of the eleCtricity of this conducting body will,

in this cafe, pals into the earth. And this conducting body

will become the more negative , as it becomes the more deeply

immerged into the denle part of the elaftic eleCtrical atmo-

fphere of the approaching thunder-cloud.

* See Principles of Electricity, from § 55 to § 74, inclufively.

t See Principles of EleCtricity, § 182 and § 183*

T 2 § 19-
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§ iQ. Now, when the pofitive cloud DEF (In the manner

above flated) comes fuddenly to difcharge, with an explofion,

its fuperabundant electricity into the other cloud ABC, then

the elaftic electrical atmofphere of the cloud DEF will ceafe

to exift ; confequently, the electrical fluid, which had been

gradually expelled into the common Hock, from the conduct-

ing body fituated (at L) upon the lurface of the earth, muft

(by the fudden removal of the fupei induced el a (tic eleCtrical

prefTure of the electrical atmofphere of the thunder-cloud)

fuddenly return from the earth into the laid conducting body,

producing a violent * commotion, fimilar to the pungent {hock

of a Leydenjar in its fen fation and effects.

'This is what I call the electrical returning +Jlroke.

§ 20. It was by fuch a returning (troke that Lauder and

the horfes that he was driving were killed, they having be-'

come ftrongly negative J previous to the explofion.

Lauder was “ fitting” when he was ftruck dead ; and his

legs appear to have been “ hanging over the fore-part of the

“ cart, at the time of the explofion.” The returning ftroke,

therefore, could not ifiue into his body through his legs ; and

this accounts for the “ fkin of his legs” not having been at all

“ burnt or fhrivelled,” as the fkin was on many other parts of

his body. And it likewife fhews the reafon, why the “ zig-

u zag line” on Lauder’s fkin (which was terminated at one

end by the chin) “ did not extend lower than the thigh.”

* See Principles of Ele&ricity, § 304 and § 603.

f See Principles of Ele&ricity, from § 202 to §208, inclufively, and § 387.

+ Note, I have here fuppofed the thunder-cloud (and of courfe its ele&rical

atmofphere) to have been pofitive ; but fimilar effects would have been produced if

the thunder-cloud had been negative; only, in that cafe, Lauder and the horfes

would have been ftrongly pofttive, previous to the explofion,

4 § 21.
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§ 21. Mr. Brydone mentions, that “ the hair of the horfes

“ was much finged over the greateft part of their bodies; but
“ was mod: perceptible on the belly and legs.” This effeCt is

eaiily accounted for by the returning droke
; for the lower

part * of- the bodies of thofe animals mud of courfe have

been more drongly affeCted than any other part, as the electri-

cal fire from the earth mull: fuddenly have rufhed into their

bodies through “ their legs, which had made a deep impreffion

“ in the dud.”

§ 22. The various effects produced on the cart may be ex-

plained, with equal facility, bv means of the returning droke

;

and I have dated, in my Principles t of Electricity, “ not

“ only in what manner perfons and animals may be dedroyed,

“ but how” inanimate bodies, fuch as “ particular parts of build-

“ ings, may be confiderably damaged by an eleCtrical returning

“ droke, namely, all thofe parts where there is, in any kind

“ of conducing fubdance or fubftances (upon which a ftrong

“ eladic eleCtrical prefifure is fuperinduced), any kind of elec-

“ trical interruption, acrofs which the returning electrical fire

“ might fuddenly ftrike, and might thereby rend and dedroy

“ all the bodies that it might meet with in its padage.”

Mr. Brydone relates, that “ fplinters had been thrown off

“ in many places, particularly where the timber of the cart was
66 connected by nails or cramps of iron.” The eleCtrical inter-

ruption between thefe pieces of metal, acrofs which interrup-

tion the returning eleCtrical fire did fuddenly ftrike, accounts

for its rending the bodies that it met with in its padage.

* See, in my Principles of Electricity, the note to § 594, where fomewhaft

of a fimilar effect is mentioned.

t See Principles of Electricity, § 333, § 334, and § 347.

It
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It is alfo evident, that it was the eledtrical returning fire,

that produced the “ marks of fufion” on that part of tlie iron

of the wheels which was in contadt with the ground ; inaf-

much as the whole electricity, that, at the inftant of the ex-

plofion, returned into the cart, did enter at thofe places.

§ 23. No perfon, the lead verfed in the principles of elec-

tricity, can hefitate to aflent to the propofition, that the cleclri

-

cal returning Jlroke mud exid, under circumdances limilar to

thofe explained above. But it may be objedted to me, that

although all the aforefaid effedts of a returning droke might

take place in a fmall degree, yet thole effedts could not have

been fufficiently powerful to have killed Lauder, the

horfes, and the lamb, or to have melted the iron of the cart-

wheels ; efpe’cially, conlidering the fmall quantity of electrical

fluid that is contained in the body of a man, of a lamb, or of a

horfe ; or that is contained in any body of the fize of a com-

mon cart ; that is to fay, confidering the fmall quantity of

electrical fluid that could, by being didurbed, have produced

the returningJlroke.

To this objedtion (plaufible as at fird fight it may appear) I

conceive, I have given a complete an fiver in my Principles of

Electricity, from fedtion 337 to lection 347, inclulively
; and

alfo from fedtion 592 to fedtion 6o6, inclulively; but it may
not be improper to add a few words to what I have already

faid upon that part of the fubjedt.

§ 24. No legitimate conclufion can be drawn from premifes

that are not proved : therefore, no perfon can legitimately

conclude, that the force of a returning droke mud always be

weak, when produced by the didurbed eledtrical fluid of a

man’s body, by reafon that a man’s body contains but a fmall

quantity of eledlricity : for, it has never been proved, that a

man’s
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man’s body does contain only a Jmall quantity of electrical

fluid ; neither is there the fmalleft reafon to believe fuch an hy-

pothecs, which appears, on many accounts, to be completely

erroneous. And, if that hypothesis be erroneous, the objec-

tion to the Strength of an eleCtrical returning Stroke remains

perfectly unfupported by argument.

When a body is faid to be phis or poftive , it Amply means,

that the body contains more eleCtricity than it does in its un-

eleCtrified, that is to fay, natural lhate ; but does not Signify,

that fuch body is completely Saturated * with eleCtricity. In

like manner, when a body is faid to be minus or negative
, it

only Signifies, that the body contains lejs than its natural Share

of eleCtricity ; but does not imply, that fuch body is completely

exhaufed of the eleCtricity which it contains in its natural

State.

Now, the Strength of natural eleCtricity is foimmenfe, when

compared to the very weak effeCts of our largeSt and beSt contrived

eleCtrical machines, that I conceive, that we cannot, by means

of artificial eleCtricity, expel, from a man’s body, the thou-

fandth (or perhaps even the ten thoufandth) part of the elec-

trical fluid which it contains, when in its natural State.

§ 25. That hypothefis, by which natural phenomena are

eafily accounted for, has a better claim to our attention than

an oppofite hypothefis, which prevents thofe phaenomena from

being intelligibly explained.

There is no reafon whatever for concluding, that any elec-

trical machine of any given fize is capable of rendering a con-

ducting body either completely plus , or completely minus •, but far

otherwife. And it would have been as logical, for any perfon,

fome years ago (when eleCtrical machines were not brought tc

* See Principles of Ele&ricity, § 342.

their
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their prefent ftate), to have maintained, that thofe very imper-

fect machines were capable of rendering a conducting body

completely pojitive , or completely negative , as for us, in the year

1787, to conclude, that we (by our ftill imperfect machines)

have attained the limit of eleCtrical exhauftion, or condenfation

.

We evidently have not, with our machines, even approached

the limit of eleCtrical ftrength, particularly in refpect to the

returning Jlroke : for it is remarkable, that (by the laws of

eleCtricity *) the ftrength of the eleCtrical returning Jlroke,

near the limit of the ftriking diftance, does increafe in a

“ greater ratio,” than the ftrength of the main ftroke from

the charged body, producing the elaftic eleCtrical atmofphere

fuperinduced.

§ 26. For example, let the returning ftroke be attempted to

be produced, by means of a metallic prime conductor of 20 or

21 inches in length, and of about two inches in diameter;

and by means of another metallic body of equal dimenfions,

placed parallel to the prime conductor, juft out of the limit of

the ftriking diftance ; and let the prime conductor be charged,

by means of one of the common glafs globes, of lefs that*

nine inches in diameter.

The returning ftroke, in this cafe, will not only be confi-

derably weaker than a fpark taken from the prime conductor,

but it will be fo extremely weak, that it can hardly be laid even

to exift.

§ 27. Whereas, if the experiment be made in a manner

exaCtly fimilar, by means of a large glafs cylinder (inftead of

the lmall globe) and by means of a metallic prime conductor, of

about three feet four inches long -f, by nearly four inches and a

* See my Principles of Electricity, § 340 and § 341.

+ It is better if the prime conductor, and the other metallic body, be ftill

larger.

half
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half diameter*; and alfo by means of another metallic body
of equal dimenfions with this prime conductor

; then, there

will be no kind of comparifon between the brength of the

returning froke obtained out of the bribing dibance of the

prime condudor, and the brength of the mainfroke received

immediately from the prime conductor, the fharpnefs and pun-

gency of the returning froke being fo much fuperior. The
returning broke in this cafe is like the fudden difcharge of a

weakly eledrified Leyden jar
,
provided that due attention be

paid to the four rules for obtaining a very brong returning

broke, as laid down in fedion 307 of my Principles of Elec-

tricity.

§ 28. When I performed the experiment of the returning

broke, by means of a bill bronger eledrical apparatus, the

commotion -j- felt was iimilar to that of a Leyden jar
, bronglv

eledrified, fuddenly difcharged through my body; fo that,

having taken the returning broke eight or ten times one

morning (without having taken the main froke a fingle time

that day), I felt a conhderable degree of pain acrofs my cheb

during the whole evening, and a difagreeable fenfation in my
arms and wribs all the next day.

I have alfo found, that (by an advantageous difpolition of the

apparatus) metal J may be melted by means of the eledirical

returningfroke, not only entirely out of the ftriking diftance

but even without any communication with the common bock,

although the conduding body, from which iffued the eledrical

* See Principles of Ele&ricity, § 593* 594> an<^ 595*

•f* See Principles of Ele&ricity, § 304 and §310.

1 See Principles of Eledricity, from § 603 to § 606, inclufirely.

Vol. LXXVII. U fluid
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fiuid that formed the returningftroke ,
had lels than twentyftven

lquare feet of furface in contact with the air.

§ 29. The faCt is, that in the cafe of the returning ftroke, it

is not fo much upon the quantity of electrical fluid, as upon

the velocity * of that fluid, that the ftrength of that ftroke

depends ; therefore, the ftrength of the returning Jtrcke de-

pends lei's upon the quantity of furface ufed, than upon the

Jlrength of the eleCtrical preflure of the elaftic eleCtrical atmo-

fphere, fuperinduced upon the body ftruck, previous to the

explofion.

But, the eleCtrical preflure of the elaftic electrical atmofphere

of the great thunder-cloud in Scotland muft have been im-

menfe, when compared to the eleCtrical preflure of the elaftic

eleCtrical atmofphere of a metallic prime conductor, of wrhat-

ioever fhape; confequently, it is not at all furprifing that

Lauder fhould have been killed (or that the other effeCts, re-

lated by Mr. Brydone, fhould have been produced) by the

returning ftroke ; inafmuch as it is not furprifing, that ejfedis

fhould be proportionate to the caufes by which they are reflec-

tively produced.

§ 30. Mr. Brydone relates, that “ Lauder’s cart was

higher on the bank” than the cart that followed him ; which,

in fome degree, accounts for the man, fitting on the other cart,

not having felt the returning ftroke. But, that is to be ac-

counted for in another way, namely, by fuppofing the cloud to

have been pending nearer to the earth, over the fpot where

* See Principles of Ele&ricitv, from § 592 to § 602, inclufively; and parti-

cularly & 601.

Lauder
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Lauder*' was killed, than over the place where his com-
panion was : for, I have (hewn, in my Treatife upon

Electricity y, that, in order for a perfon to receive a dan-

gerous returning ftroke, fuch perfon fhould be immerged,

not merely in the eleCtrical atmofphere of the thunder-

cloud, but in the denfe part of the cloud’s ele&rical atmo-

fphere.

The faCt above alluded to may alfo be accounted for in the

following vvay, viz. by fuppofmg that the fecond cart were

either better connected with the common ftock, or that it were

better infulated, than La uder’s cart : for, I have fhewn, in mv
Principles of EleCtricity J, (what is very remarkable, namely,)

that either of thefe two oppofte circumftances will weaken the

force of a returning ftroke prodigioufly. Now, Mr. Brydone
mentions, that there had been an “ almoft total want of rain

“ for many months.” He alfo fays, that “ the ground” (at

the place where Lauder was killed) “ was remarkably dry,

“ and of a gravelly foil.” This ftate of the ground was par-

ticularly adapted to the production of the eleCtrical returning

ftroke, when produced upon the large fcale of nature, where

'the elaftic eleCtrical preffure is fo powerful.

§ 31. The account which Mr. Brydone has given of this

thunder-ftorm in Scotland is not more curious than it is

inftruCtive.

* See Principles of Ele&ricity, § 318.

f See, in my Principles of EleSricity, Experiments 38, 39, and 40, from

^ 280 to § 296, inclufively. See alio §312, §318, § 334 >
anc^ § 3° 7 *

I See Principles of Ele&ricity, from § 248 to § 310, inclufively; and fee

particularly § 307.

U 2 In
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In part XIX. of my Principles of EleCtricity *, I have enu-

merated 44 eleven neceffary requiiites” in erecting conductors to

i'ecure buildings againft damage by lightning. The ninth re-

quifite is •f ,

44 that there be neither large nor prominent bodies

44 of metal, upon the top of the building propofed to bs

44 fecured, but fuch as are connected with the conductor” (and

confequently with the common flock) 44 by fome proper metal-

44 lie communication.” And in feCtion 538, I ftate, that the

44 confideration of the eleClrical returning ftroke fully evinces the

44 utility of fuch precaution.” The circumftances mentioned

by Mr. Brydone, that 44 fplinters had been thrown off in

44 many places, particularly where the timber of the cart was
44 connected by nails, or cramps of iron,” ftill more fully

proves that fuch precaution is right.

§ 32. The tenth J neceffary requifite in ereCting conductors,

mentioned in my Principles of EleCtricity, is, “ that there be

44 a fufficient number of rods.” And in feCtion 542 I ffate

that, 4* the higheft parts of a building, the mod elevated

44 ridges, all the very prominent flacks of chimneys, and all

44 the moft falient angles, ought, in order for the building to

44 acquire the greateft degree of fecurity, to be armed with
44 an high, tapering, and acutely pointed metallic conductor,

44 properly connected with the common ffock. And upon edi-

44 flees of great importance (efpecially magazines of gun-
44 powder) the pointed conductors ought never to be above

* See Principles of Electricity, from §519 to § 544, inclnfively; and parti-

cularly fee § 5 1
9.

•f See Principles of EleCtricity, § 519 and § 538.

X See Principles of Electricity, § 519 j
and from § 539 to § 542, inclu-

£vely,

“ forty
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tf forty or fifty feet afunder

; and, if they were to be at Bill

“ Imaller chfhnces afunder, the fecurity they would afford

46 would be {fill more perfect.”

The reafon of this precaution is fully explained in many
parts of the above-mentioned Treatife, particularly in feftion

423*; and the circumftance, very worthy of obiervation,

related by Mr. Brydone, namely, that the diftance was only
“ about twentyfour yards," between Lauder, who was killed,

and his companion, who 64 was fenfible of no fhock, nor un-

“ common fen fation,” does clearly demonftrate the propriety

of this precaution, of erecting fcvcyal f conducting rods upon

an extenfive building.

This information muff be particularly interefling to the

Board of Ordnance, on account of the fecurity of their ma-

gazines, particularly their powder magazines at Purfleet. The

* See nlfo Part XVIII. of my Principles of Electricity (from § 494 to § 518

inclufively), where I have clearly demonltrated this proportion, namely, that,

44 high andpointed metallic conductors [when properly conftruCted, and when made to

6i communicate completely with the common flock] tend not only to prevent

44 a main Jtroke of lightning and the lateral cxplofion
;
but tend likewife moll power-

41 fully to prevent any dangerous eleftrical returnbig firoke whatever from taking

“ place near that part of the edifice upon which they are ereCted. So admirable,.

41 and fo extenfive, is the principle upon which is founded this fimple and molt

44 incomparable invention !”

4 See alfo (in the volume LXVIII. of the Philofophical TranfaCtions, part I.

p. 313. et feq.) the “ Report of the Committee, appointed by the Royal Society,

600
44 to conlider of the moll effectual Method of fecuring the Powder Magazines at

“ Purfleet againft the Effects cf Lightning, in compliance with the Requeft of the

44 Board of Ordnance;” in which Report, feveral high and acutely-pointed con-

ductors, properly connected with the bottom of the wells, are propofed to be

<rcCted ; and other precautions, founded on a like principle, are recommended.

r fecurity,.
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fecurity of thofe magazines is a great national obje&, not only

on account of their importance in time of war; but, alio on

account of their vicinity to the City of London. For, from the

immenfe quantity of gunpowder they contain (when full),

their htuation upon the river Thames, and their being within

the diftance of only a few miles of London, thofe magazines

being blown up would probably produce, in the Metropolis,

a violent Ihock, like that of an earthquake.
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XVIII. Concerning the Latitude and Longitude of the Royal

Ohfervatory at Greenwich ; with Remarks on a Memorial of

the late M. Caffini de Thury. By the Rev. Nevil Mafke-

lyne, D. D. F. R. S. and Ajlrotiomer Royal.

Read Feb. 22, 1787.

M E M O I R E
Sur la jonction de Douvres li Londres.

Par M. Cassini de Thury, Diredteur de l’Obfervatoire

Royal ; de la Societe Iloyale de Londres, &c.

1
L eft intereffant pour le progres de l’aftronomie que Ton con-

11 aifle exadtement la difference de longitude et de latitude

entre les deux plus fameux Obfervatoires de l’Europe ; et quoi-

que les obfervations aftronomiques faites depuis un fiecle offrent

un moyen aflez exadt pour parvenir ii cette recherche, il parait

cependant que Ton n’eit point d’accord lur la longitude de

Greenwich a onze feconds pres, et fur fa latitude a quinze

fecondes.

'L’011 a reconnu par les operations trigonometriques executees

en France, au Nord, et au Perou, que fur l’etendue d’un degre

du meridien ou de 57 mille toifes, Ton fe trompait a peine

de dix toifes, ce qui a ete prouve par des bafes mefurees a 1’ex-

tremite des fuites de triangles ; ainff fur la diffance de Douvres

a Londres, qui eff de 49800 toiies ou environ, on ne pourrait fe

tromper de 1 20 toiies, qui repondent a onze fecondes en longitude,

o JVL
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M. Cassini a deja publie, dans le livre de la Meridienne Veri-

fiee, les operations par lefquelles l’on a determine la distance de

Calais a la grofle tour de Douvres de 18241 toifes par un premier

triangle, et de 18243 toifes par un fecond triangle
; on aurait cette

diftance avec une plus grande exadlitude en obfervant les angles

conclus a Douvres, qui font fort aigus. M. Cassini a decou-

vert des cotes de France plufieurs objets fur les cotes d’Angle-

terre, qui feront vifibles de la tour de Douvres ; et fur cette

premiere bafe on etablirait une fuite de quelques triangles

jufqu’a Londres, don't le nombre et la grandeur dependent de

l’expofition des objets compris dans la direction de Douvres a

Londres.

M. CassiNi ne doute point que ce projet ne foit agree d’un

Souverain qui aime les fciences, qui non content des decouvertes

au celebre Cook vient d’ordonner un fecond voyage autour da

monde, et que la Societe Royale ne charge un de fes Membres

de l’execution; et dans le cas ou fes occupations l’empecheraient

de s’y livrer, qu’elle ne permit a M. Cassini de s’en charger.

L’honneur qu’elle lui a fait de l’affocier a un corps aulfi re-

fpedlable ferait un titre pour lui accorder fa confiance. M.
Cassini a profite du voyage du Roi en Flanders en 1748 pour

joindre les triangles de la meridienne a ceux de Snellius en

Hollande ; en 1762 il a prolonge la perpendiculaire de Paris

jufqu’a Vienne en Autriche. La branche qui s’etendra jufqu’a

Ixindres fera la troifieme, et formera la jondtion des deux plus

belles villes de I’Europe.

THfi
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THE preceding Memorial of the late M. Cassini de
Thury was put into my hands by Sir Joseph Banks, our

Prefident, on the 28th of April, 1785, defiring me at the

fame time to give an anfwer to it. Happy if I can folve the

doubts entertained by the late Royal Aftronomer of France

concerning the latitude and longitude of this Royal Obferva-

tory, and at the fame time do juftice to the memories of my
learned predeceflors, and to myfelf, I fhall give an account

of the principal Operations that have been performed here

for afcertaining thofe points, and then add my own re-

marks to elucidate the fubjeCt and reconcile the difficulties in

queftion.

Had Dr. Bradley lived longer, for the benefit of aftronomy,

topublifh his valuable obfervations, or had they been fince pub-

lifhed by another hand, which unfortunately they hitherto have

not,thefe remarks might have been unneceffary, and perhaps even

the occasion for them might never have occurred ; as it would

have then appeared upon what foundation the latitude of this

Obfervatory had been eftablifhed, and what differences of me-

ridians between Greenwich and the other principal Obfervato-

ries of Europe refulted from the obferved eclipfes of Jupiter's

Satellites and other celeflial phenomena.

However, having formerly been apprifed by Dr. Bradley

himfelf of Several particulars of moment relative to his obfer-

vations, and particularly of the method which he ufed for fettling

his latitude and refractions, after he became poflefled of the

new inftruments in 1750, and being aflifted with fome of his

manufcript calculations, with the addition of my own obferva-

tions, I flatter myfelf I can throw the light wanted on the

Vol. LXXVII. X queflion.
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queftion, and obviate the principal difficulty, that relative to

the difference of latitude of Greenwich and Paris, and reduce the

difference of meridians within fmaller limits, notwithftanding

Dr. Bradley’s original obfervations had been removed from

this Obfervatory, in which they were made, before I came

here, and have not yet been reftored to it.

Dr. Bradley having been furniffied by Government in the

year 1750 with a brafs mural quadrant of eight feet radius,

conffrudted by that excellent artift Mr. John Bird, an inffru-

ment far fuperior to any before ufed in the pradtice of aftro'-

nomy, affiduoufly obferved the pole ffar and other Bars lying

to the north of the zenith with it for upwards of three years,

and then removed it to the oppofite fde of the wall, making it

change place with the iron quadrant of the fame radius

conffrudted by Mr. Graham, likewife an excellent inftru-

ment, though inferior to this, and commenced a regular

feries of obfervations of the fun, planets, and fixed Bars,

which have been ever fince continued in the fame manner.

Moreover, the temperature of the air, ffiewn by the barome-

ter and thermometer, is affixed to each obfervation ; and the

zenith point of the quadrant fettled from time to time by the

help of a zenith fedlor of 12I feet radius, turned alternately

contrary ways, the fame with which Dr. Bradley had before

made his two ufeful and admirable difcoveries of the aberration

of light and the nutation of the earth’s axis.

By the obfervations of the pole ffar and other circum-

polar Bars, above and below the pole, Dr. Bradley got the

apparent zenith diftance of the pole ; by the apparent and

equal zenith diffances of the fun at the two equinoxes, having

at the fame time oppofite right afcenfions, as found from com-

paring his obferved tranfits over the meridian with thofe of

5 hxed
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fixed ftars, after the manner ufed by Mr. Flamsteed for

deducing the right afcenfions of the fixed fiars, he found the

apparent zenith difiance of the equator, which leflened by pa-

rallax and added to the apparent zenith difiafice of the pole

gave a fum lefs than 90° by the fum of the two refractions

belonging to the pole and meridian zenith difiance of the equa-

tor. But he remarked, that the difference of refractions, be-

longing to thefe zenith distances, would come out the fame

within 2 or f' by any of the heft tables then extant* whether

deduced folely from obfervations, or partly from obfervations

and partly from theory. The fum and difference of refractions

anfwering to the pole and equator being thus given, the refrac-

tions therrifelves are given, the greater of which added to the

apparent zenith diftance of the equator gives the latitude of

the place, and the lefs refraCtion added to the apparent zenith

difiance of the pole gives the co-latitude.

He afterwards, from the confideration that the refraCtions at

the pole and equator may be taken without fenfible error as the

tangents of the zenith difiances, according to Mr. Thomas
Simpson’s theory of refraCtions in his Mathematical Difierta-

tions, divided more accurately the fum of the refraCtions at

the pole and the equator into the jufi parts anfwering to each

zenith difiance, and thereby found the latitude with more

exaCtnefs. in this manner he found the latitude of the Royal

Obfervatory to be 51
0
28' gf'i, and the mean refraCtion at

45 ° ?>' t0 be Si" 5
tbe barometer fianding at 29,6 inches, and

the thermometer of Fahrenheit’s fcale at 50°.

But, not to let a matter of fo much confequence reft on my
aflertion or memory, when further proof can be given of it,

I have by me, in the hand-writing of Dr. Baadley, among

other particulars, his calculations of the latitude of the Obfer-

X 2 vatory
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vatory from his obfervations, according to tiie manner above

explained; in which he firft fiates it at 51
0 28' 38", and

finally more correCtly in thefe words. “ The apparent zenith

“ diftance of the equator, by the mean of 20 obfervations in

44 1746-47, 2j' 28
//

. The mean apparent difiance of the

“ pole, by the obfervations made between 1 750-52, 38° 30' 35 b

44 Sum 89° 58' 3". Sum of refraCtions i' S']"* Polar refrac-

“ tion o' 45
//
|. Equatorial refraCtion 1' \i

n
\. Latitude

“ 51
0 28' 39"*. Co-latitude 38° 3 i' 20

The latitude of the Obfervatory being thus fettled, as well

as the quantity of refractions for all fiars palling the meridian

between the pole and the equator, Dr. Bradley readily

inferred from his obfervations the true difiance of all fuch
r

fiars from the north pole, which, compared with their zenith

difiances obferved below the pole, gave the refraCtions at

thofe lower altitudes. Finally, by comparing the refractions

together obferved in extreme degrees of heat and cold, he

deduced the law of their variation as affeCted by heat and

cold; and thus at length he inferred his elegant rule for

determining the refraction in all circumfiances, that it is to

57", in the direCt compound ratio of the tangent of the

apparent zenith difiance lefiened by 3 times the refraCtion to

the radius, and of the height of the barometer in inches to 29,6

inches, and in the inverfe ratio of the degree of height of

Fa hrenheit’s thermometer increafed by 350 to 400.

But it may be proper to confirm this rule for refraCtions alfo

from the fame manufeript of Dr. Bradley, which I before

cited for confirming the latitude, by the following paflage,

which immediately follows the other. “ Suppofe the

“ mean refraClion at 45
0

3' = 57", and y = 350

;

then

“jy-b/: bar. 77" : refr. at 45
0
3'.

“ Rad.
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<( Rad. : tan.ZD

:: f \m. ... . Rad. : tan.ZD — m : : refr. at 45°3
/

: r

“ [the refraction required].” It is eafy to fee that this rule

agrees with the other: for putting /== 50, and barometer

= 29,6, the firft analogy, putting the barometer down in

tenths of an inch, is 350 + 50 = 400 : 296 :: 77" : 5

6

7/

,9 8 for

the refraCtion at 45
0

3", or 57" within T4--th of a fecond.

The fecond analogy ferves to give the treble refraCtion nearly,

called m. Whence it is evident, the laft analogy coincides

with the rule above given.

This valuable rule was firft communicated by myfelf to the

public in vol. LIV. of the Philofophical TranfaCtions, p. 265.

and in p. 49. and 129. of the firft edition of Tables requifite to

be ufed with the Nautical Almanac, together with a Table of

the mean RefraCtions deduced from it, with the firft Nautical

Almanac, that of 1767, publfthed by order of the Commif-

fioners of Longitude in 1766 ; and again, at page the <;th of

the Explanation and Ufe of the Aftronomical Tables, annexed

to the firft volume of my Obfervations made at the Royal

Obfervatory from 1765 to 1774, publilhed by order of the

Prefident and Council of the Royal Society, with two tables

in that work, containing the mean refraCtions and decimal

multipliers for reducing them to any given temperature of the

air indicated by the barometer and thermometer. The words

in page the 5th of the faid preface are as follows. “ The
“ aftronomical refraCtions and latitude of the Obfervatory were

“ fettled with the greateft accuracy by Dr. Bradley, from his

“ obfervations of the circumpolar ftars, with the brafs mural

“ quadrant, during the three years that it was turned to the north,

“ and of the fun and ftars in the fubfequent years after it was

removed to point to the fouth. The following elegant rule

“ was
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“ was the refult of his obfervations, that the refraCtion at any

44 altitude is to 57 feconds, in the direCt compound ratio of the

44 tangent of the apparent zenith diftance leffened by 3 times

“ the refraction to the radius, and of the altitude of the baro-

«« meter in inches to 29,6 inches, and in the reciprocal ratio

44 of the height of Fahrenheit’s thermometer increafed by

“ the number 35c, to the number 400. Tables XXII. and

44 XXIII. were adapted to this rule
;
the firft containing the

44 mean refractions anfwering to 29,6 inches height of the

44 barometer and 50 degrees height of the thermometer; and

“ the fecond table containing decimals for multiplying the

“ mean refraction in order to find the correction, which applied

44 to it will give the aCt.ual refraCtion, the lame as would have

44 been produced by the rule with fomewhat more trouble^

44 Dr. Bradley fuppofed the horizontal parallax of the fun

44
1 of feconds* in the calculations from which he inferred the

44 refraCtions ; and 1 have been informed, that he determined

the latitude of the Obfervatory 51
0
28' 39

//

f. But, had he

made ufe of the true parallax 8
/7
8 or B^f, as found by the

44 two late tranfits of Venus over the fun, he would have made
44 the refraCtion at the altitude of 45

0
to be 56

//

f inftead of
44

57", and the latitude of the Obfervatory exaCtly 51
0 28'' 40"

44 inftead of 51
0
28' 39

7/
t. But his rule for refraCtions can-

44 not be corrected for all altitudes, without examining his ob-

44 fervations of refraCtions made at various times.”

On comparing this cxtraCt with M. Cassini’s Memoir, I can-

not but exprefs my furprife, that he ifhould not have adverted to

apaffage containing fo direct an application to the grounds of his

Memorial, in a publication of fuch notoriety, and of fo old a

date as 17 76; had he done fo, 1 cannot but think, he would

never have hazarded fuch an opinion as that advanced by him

Cfc

in



and Longitude of the Royal Obfervatory at Greenwich,

in his Memoir of an uncertainty of 15" in the latitude of

Greenwich ; but he might have been induced to believe,

that the latitude of this place had been well determined.

For further confirmation of the certainty of the agronomical

refractions, and latitude of the Obfervatory, as fettled by Dr.

Bradley, it may be proper to add, that the Greenwich brafs

mural quadrant underwent a trial, which all aftronomical in-

ftruments ought to be fubmitted to, but which very few ever

have been, on account of the difficulty and nicety of the ope-

ration, namely, an examination of the total arc ; when it was

found by Dr. Bradley to be an accurate quadrant, the arc

appearing at one trial to differ only a fraction of a fecond from

po°, and another time, after an interval of above fix years, to

be a perfeCt quadrant. See p. 24. of Bird’s Method of con-

ftruCting Mural Quadrants, publiffied by the Board of Longi-

tude in 1768. In like manner he had before examined the

total arc of the iron quadrant, firft put up by Mr. Graham,
for the ufe of Dr. Halley, in the year 1725, by means of a

level, and found it to be 16" lefs than a quadrant. See Bird’s

Method of conftruCting Mural Quadrants, p. 7. and Memoires

of the Royal Academy of Sciences at Paris, for 1752, p. 424.

But this quadrant was, in the year 1753, re-divided by Mr.

Bird, and, in this refpeCt, probably rendered as accurate as

the other. See Bird’s Method of conftruCting Mural Qua-

drants, p. 24.

Dr. Bradley made a curious ufe of the new fet of divisions,

foon after they were laid upon the quadrant, to re-examine the

error of the total arc laid down originally by Mr. Graham

(which by the plumb-line and level he had found to be 1

6

7/
lefs

than a quadrant in 1 745) according to the following paffage

contained in the manufcript before cited.

“ Auguft
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“ Auguft 12, 1753, I meafured with the fcrew of my mi-

“ crometer the difference of the arcs (of .£) as fet off by

“ Mr. Graham originally, and by Mr. Bird when he put

<£ on a new fet of divisions upon the old quadrant, and I

“ found that Mr. Graham’s arc was lefs than Mr. Bird’s by
ee
T%. divifions of my micrometer, which to a radius of 96 inches

66 anfvvers to 10",

6

; fo that the whole arc of 96 differs from

“ a true quadrant 15", 9, which is the fame difference that I

“ formerly foilnd by means of the level, &c.”

Let me further add, that Dr. Bradley had informed me,

that he had found the fame refractions, latitude of the Obfer-

vatory, and obliquity of the ecliptic, by both quadrants,

making a proportionable allowance, in the ufe of the iron qua-

drant, for the error of 16" in the total arc in proportion to

the zenith diftance of the objeCt before it was new divided.

The Rev. Dr. Hornsby, F. R. S. Savilian Profeffor of

Aflronomy at Oxford, to whofe care Dr. Bradley’s original

obfervations have been committed, in order to their being

printed and publifhed, having favoured me with calculations of

the latitude of the Royal Obfervatory from obfervations of the

pole ifar made with both quadrants, from a manufcript of Dr.

Bradley, I think it proper to give it a place here, not only as

a very curious paper, but alfo as ftrongly confirming the lati-

tude of this place before Rated.

Tranfcribedfrom a Joofe Paper oj Dr. Bradley.

“ The mean zenith diftances of the pole flar above and below
ci the pole, corre&ed by refraCtion, aberration, &c. and re-

“ duced to January 1751, O. St. as collected from the obfer-

“ vations made after the new quadrant was balanced, Nov.

“24, 1750.

Number
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Number
of obfer-

vations.

Above the pole.

Number
of obfer-

vations.

Below the pole. to

O / // O / //

23 36 29 46,66 8 40 33 2 r95 Jan. 15, 1751
22 45*42 26 3*37 Al’g- 27, 1751

23 45* 1 3 27 2,14 May 4, j 752
19 44,63 28 1,67 Nov. 10, 1752
28 45,°o 23 !*74 May 3 1

*
T 753

9 44*59 8 1 *54 July 26, 1753

124 36 29 45>24 120 40 33 2,24

36 29 45,24

77 2 47*48

S8 3 1 2 3*74
Error of coliimation 1,74

Co-latitude 38 31 22, o

O / //

77 1 I 5* 8

38 3° 37*9
Coliimation 1,4

Refraction + 45,5

38 3 1 22,0
By new quad. 51 28 38,0

Refraction.

42" +
49 “

O / //

36 29 2§
40 32 I 3|

© / //

4 3 IO
*s

+ 6,6

6*
Refraction

4 3 11 * 4 3 *7*4

+ 6f

4 3 'll
2 1 39 — the mean diftance

from mean pole Jan. 1751.

The apparent zenith

310 obfervations, is

diftance of the pole, by the mean of

"RcfraCtion

o / //

38 30 36 allowing — 2

+ 4Sl

ft
for the error of the line of coliimation.

38 31 2I§

Latitude 51 28 38^

Vol. LXXVII.

oin
Co-lat. 38 31 2tf by the new quadrant.

38 31 l8| by the old quad, new divifion*.

Y Apparent
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Apparent zenith diftances of the pole ob-

ferved with the iron quadrant.

1753

Apparent zenith

diftance of the

pole.

Barom.

Thermom.

in. out.

O / //
Inches. O O

Sept. 13 38 30 40,1 30,10 64 6 5
O O 4 I >5 29,88 61 60

0£l. 2 42,5 29,67 56 53
5 41,0 30,02 57 57

1

1

4M 29,48 61 57
40,2 29,82 50 43

3 1 4.0,8 29,63 42 34
Nov. 5 42,1 29,69 45 39

16 40,5 2 9’39 42 35
19 42,2 29,59 40. 35
20 40,9 29,84 40 0 0

00
24 40.0 30,00 43 35
29 40,0 29,80 38 3°

Dec. 3 39*3 30,16 39 33
8 37,4 30,06 35 27

17 4 CS 29,50 ' 5o 49
3° 38,° 3°, 11 33 22

Mean 33 3° 40,5 29,81 47 4*1
Refra&ion + 46,4
Col. - 8,4
Pol. corr. 38 3 i 18,5

•

t

So far the manufcript.

Thus the latitude by the brafs quadrant being 51
0 28' 38

y/
f,

and by the iron quadrant with new divifions 51
0 2 S'' 41 "l,

the mean by both quadrants is 51° 28' 40", or only half a

fecond greater than fettled in another manner, according to

the manufcript of Dr. Bradley in my pofleffion. Alfo the

apparent zenith diftance of the pole with the mean refradliou

45",4 being 38° 30' 36
7/
,i by the brafs quadrant, and

38° 30
/

33
//

» 1, by the iron quadrant, the mean by both is
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3°' 34-

/

>
6 > or only T

4-ths of a fecond lefs than by Dr*

Bradley’s manufcript cited before.

On my promotion to the Royal Obfervatory in 1765, finding

its latitude to have been fo accurately fettled bv Dr. Bradley
•' j

before me, I might have thought myfelf difpenled from making

any particular or very laborious obfervations for that purpofe ;

however, I confirmed it by my own obfervations to great near-

nefs, viz. within 1 or 2
//

, at the fame time that J was eftablilh-

ing a new catalogue of the principal fixed ftars, continually

obferved here for fettling the right afcenfions of all other

celeftial objects with the tranfit inftrument. The refult in

brief is as follows.

1 firft fettled the relative right afcenfions of about 30 of the

brighteft fixed ftars, and lying neareft the equator, by a great

number of obfervations with the tranfit inftrument, referring

them to a, Aquilae as the fundamental ftar, whole right afcen-

fton I alfumed from Dr. Bradley’s determination. Hence,

by obferved tranfits of the fun and the fame ftars, in the fpring

and autumn, when his daily motion in declination was at leaft

1
6' or two- thirds of the greateft, I inferred the lun’s right afcen-

fions relative to the right alcenfions of thole ftars fettled in the

manner juft mentioned. Alfo from the lun’s obferved zenith

diftances taken with the brafs mural quadrant on the fame days,

and corrected by refradtion, parallax, and error of line of col-

limation, with Dr. Bradley’s obliquity of the ecliptic, and

latitude of the Obfervatory, I computed the fun’s declinations,

and thence the right afcenlions correfponding to them.

- Now, if the alfumed right afcenlion of a. Aquilas, and

thence thofe of the other ftars were affedted with fome fmall

error, as might be fuppofed, the fun’s right afcenfions deduced

from the obferved tranfits wrould differ the fame way from the

Y 2 truth
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truth at both feafons of the year, viz. by the unknown error

of the affirmed right afcenfion of a, Aquilse ; but his right

afcenfions inferred from his obferved zenith distances would be

affeCted contrary ways at the two oppolite fealons of the year,

by the unknown errors in the refraftions, parallaxes, latitude

of the place, and obliquity of the ecliptic. Hence, the mean

of the two corrections of the fun’s right alcenfion, found from

the obferved declinations about the vernal and autumnal equi-

nox, would be the true correction of the aflumed right afcen-

fion of u. Aquilai ; and the difference of the fame corrections

would, by an eafy calculation, Ihew how much the computed

declinations were too great or too little for the truth, and con-

fequently what the true declinations were, and what the true

zenith diftance of the fun was, when in the equator, or the

latitude of the place, on fuppohtion that Dr. Bradley’s re-

fractions were truly ftated ; for any fmall uncertainty in the

obliquity of the ecliptic, as llated by him, could not affeCt this

refult, which was deduced equally from obfervations of the

fun in north and fouth declination, when the fame error of the

obliquity would affeCt the fun’s right afcenfions deduced from

the obferved declinations contrary ways. I took the fun’s paral-

lax from the 24th of my tables annexed to my obfervations,

conftruCted upon a horizontal parallax S^Sq, which I had

deduced from the obfervations of the firft tranfit of Venus,

that in 1761, and differing infenfibly from 8
7/
|, which I de-

duced from the obfervations of the total durations of the tranfit

between the internal contaCts obferved at Wardhus and Ota-

heite in 1 769, confequently more correCt than the horizontal

parallax of io
//

j ufed by Dr. Bradley. It is alfo evident,

that the true zenith diftance of the equator thus found, dimi-

riifhed by Dr. Bradley’s mean refraCtion, will be the apparent

7 zenith
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zenith diitance of the equator, affected only by the mean refrac-

tion.

I (hall now give the apparent zenith diffance of the equa-

tor, and the true latitude of the Obfervatory, refulting in this

manner from my obfervations of fix years, from the autumnal

equinox of 1765 to that of 1771, in which I allowed o",g for

the correction of the error of the line of collimation, additive

to the obferved zenith diftances, as I found from a revifion of

my calculations of the zenith diftances of (tars taken with the

mural quadrant, compared with the like taken with the zenith

fe&or in 1768.

Years of the obfervations.

Number

of

days

of

obfervations.

Apparentzenith

diitance ofequa-

tor, taking the

fun’s horizontal

parallax 8", 8.

T rue latitude of
the Obfervato-

ry, according to

Dr. Br adley’s
refractions and
the fun’s hori-
zontal parallax
8", 8.

0 in 0 / //

Autumnal equinox of 1765311(1 vernal of 1766
,5
2 51 27 28,6 5 1 28 40,1

Autumnal equinox of 1 766 and vernal of 17 67 33 3°>4 41,9
Bo : h equinoxes of 1768 — — 46 3 2 >2 43,7
Both equinoxes of 1769 — — 48 28,7 40,3
Both equinoxes of 1770 — — 20 29’3 40,8
Both equinoxes of 1 77 I — — 42 2 9>7 4D 3

Mean from fix years obfervations — —
5 1 2 7 29,8 51 28 41,3

Mean found by Dr. Bradley, with O ’s hori -

1

zontal parallax Io"y - — J
51 27 28 5 1 28 39’5

But if i",2 be added to reduce them to the -»

O ’s horizontal parallax 8", 8, Dr. Brad- z 51 27 29,2 5 1 28 40,7
i.fv’s refill f will he rlmncred to —

Differing from my determination above only 0,6 0,6

In further confirmation of the latitude of the Obfervatory,

I fhall now adduce eight years obferved zenith diftances of the

fun in the folflices, being deduced from a< number of obferva-

tions taken at and near the lolftices, and corrected for line of

collimation, refraClion, parallax, and nutation.

Years
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Years

of ob-

vations.

Summer fol-

ftitial zenith

diftance re-

duced.

N° of

days of

obferva-

tions.

Winter folfti-

tial zenith

diftance.

N° of

days of

obferva-

tions.

Half fum or

latitude of

the place.

Half differ-

ence or obli-

quity of the

ecliptic.

1 7 6 5

O / // O V //

74 5$ 46,1
c / //

51 28 38,2
0 /

28 O 30,2 6 5 23 28 8,0

176b 33 >6 7 48,8

f uncertain J

J
from an

^
l accident. J

2 41,2 7 ,
6

1767 3 2 >° 6 — — — — *—

1768 2 9’7 6 44,9 7 37,3 7 ,
6

1769 3 1
* 8 8 46,2 5 39 >° 7,2

1770 3°, 7 7 44 ,i 6 37,4 4,7

1771 3 2»° 8 42,2 9 37 ,t 5 -
1

1772 3^8 12 Line of collimation altered by applying an achro-

matic objedt-glafs to the telefcope.

1 1 l .

Mean 28 0 31,5 74 5 6 45,4
1

is 1 28 38,4 23 28 7,0
Latitude5l 28 40 Onjan. 1,

_
_

1769.

23 28 8,5 mean obliquity of ecliptic on Jan. 1, 1769.

This laft obliquity 23
0 28' 8

//

, 5 is deduced in the manner

ufed by Dr. Bradley, and is more to be depended on than

the other 23
0 28'' j",o deduced from both folftices, on account

of the lefs certainty of the lower refractions, from which,

however, it only differs a fecond and a half.

Thus all the obfervations of the fun and circumpolar ftars

accord to or 2
// with the latitude of the Obfervatory fettled

by Dr. Bradley, making ufe of his refractions.

I fhall now determine the latitude independent of Dr. Brad-

ley’s refraCtions, and infer the higher refraCtions at the

fame time, from a comparifoti of my obfervations of the

apparent zenith diftance of the equator before fet down with

Dr. Bradley’s obfervations of the apparent zenith diftance

of the pole, both taken with the fame excellent brafs mural

quadrant, in the fame manner as Dr. Bradley deduced them

from



and Longitude of the Royal Obfervatory at Greenwich. 167

from the apparent zenith diftance of the equator obferved with

the iron quadrant compared with the apparent zenith diftance

of the pole obferved with the brafs quadrant, according to the

extract from the manufcript in my pofleffion before cited.

The mean apparent zenith distance of the equator, by my
oblervations of fix years from 1 765 to 1771, was related before

51
0

zf 29", 8. The mean apparent zenith diftance of the

pole was found by Dr. Bradley, from 1750 to 1752 to be

38° 30
7

35
"• Their fum 89° 58' 4", 8 taken from 90° leaves

1' 55^2, the fum of the refradtions at the two zenith diftances..

Saying then, as 1/ 5

6

7/

, 7 the fum of the refractions by Dr..

Bradley’s rule, to i
7

5

5

//
, 2 the fum by obfervation, fo are

1
7
ii

/ 7

,4 and 45
7/

,3 the refpeCtive refraCtions at the two appa-

rent zenith diftances of the equator and pole by Dr. Brad-

ley’s rule, to i

7
io

/7

,5 and 44", 7 the two refractions at thofe

zenith diftances, which added to them give the co-latitude

38® 3

1

7

i9
/7

,7, and’ the latitude 51
0 z 3

7
4c/

7

,
3. And as>

i
7

5
^'

’7 • l ' 55
"$' :: is- 57

"
refraCtion at the apparent

zenith difiance 45
0

f by Dr. Bradley
: 56^27 the true re-

fraCtion at that zenith difiance, or not half a fecotid differing

fiom Dr, Bradley’s, but more to be depended on as deduced

from obfervations made with the brafs quadrant only, and cal-

culated from a parallax of the fun nearer to the truth.

But if the apparent zenith diftance of the pole be made ufe

of, refulting from a mean of 310 obfervations made with the

brafs quadrant, according to Dr. Bradley’s manufcript, com-

municated, by Dr. Hornsby, from the whole of his obferva-

tions from 1750 to 1 753, viz. 38° 30
7 3b

77

,
the fum of this

and 51
0 zf 29

7/
,8, the apparent zenith diftance of the equator-

found by myfelf with the fame infirument, or 89° 58 ' 5' 7
8.

taken, from 90° leaves V 54
//

J 2, the fum of the two refractions-.

at
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at the pele and equator. Whence the refration at the pole

will be found in like manner as before 44^,3, and that at the

equator i' 9^,9, and the latitude 51
0 28' 39",7, and the re-

fraction at the apparent zenith diftance of 45
0

3
/ ~55' /

,8,

which is 1
/7

, 2 lefs than Dr. Bradley’s determination, and i'\z

greater than deduced from Mr. Hawksbee’s experiment of the

refraction of the air hereafter cited. It will be fhewn in the

fequel, that the latitude thus found does not at all depend on the

truth of the total arc, but only fuppofes the inftrument pro-

portionally divided at the points anfwering to the pole and

the equator.

From the whole then I conclude, that the latitude of the

Royal Obfervatory at Greenwich is firmly eftablifhed from Dr.

Bradley’s obfervations and my own at 51
0 2$' 40

//

,
probably

without the error of a fingle fecond.

Let us now inquire into the latitude of the Royal Obferva-

tory at Paris. M. le Monnier, in the Memoires of the Royal

Academy of Sciences for 1738, and in his Hijloire Celejte, has

examined into the latitude of the Royal Obfervatory at Paris,

refulting from the obfervations of the principal French aftro-

nomers, and affuming the refraClion at the height of the pole

at Paris to be 50", which is 2" lefs than Dominico Cassini’s

table gives, and the fame which Dr. Bradley’s rule gives,

he finds the latitude of their Royal Obfervatory as follows :

#
o / /t

From the obfervations of M. Picard * 48 50 10

of M. de la Hire - 48 50 12

le Chev. de Louville 48 50 8

— — M. Maraldi - 48 50 14

His
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His own observations in 17^8, after examining and

making an allowance for the error of the total arc of

his quadrant - - - - 48 50 14

His further observations in 1 740, making allow-

ance for the error of the total arc of his quadrant,

and conlidering the effect of the Hate of the air indi-

cated by the thermometer upon the refraCtions 48 50 r <;

In the Memoires of the Royal Academy of Sciences

for 1744, M. Cassini deThury (the author of the

memoir) finds from his own obfervations, with the

fame refractions - - - - 48 50 12

In the Memoires of 1755? the Abbe de la Caille^

from a nice and accurate calculation of his obferva-

tions made at the College of Mazarine, at Paris, and

the Cape of Good Hope, deduces new tables of re-

fraction fuitable to each place, and Hates their re-

fpeCtive latitudes, and thence that of the Royal Ob-

fervatory at Paris - - - 48 50 14.

Hence the ancient obfervations of M. Picard, M.

de la Hire, and the Chevalier de Louville give 48 50 10

The modem and more accurate obfervations of M.
Maraldi, M. le Monnier, M. Cassini de

Thury, and the Abbe de la Caille, give - 48 50 14;

which is now generally made ufe of by the French aftronomers

as the true latitude of their Royal Obfervatory ; and from the

near agreement of io many diligent obfervers and able aftrono-

mers cannot be fuppofed to differ above 2 or f' from the truth.

The difference of this and 51° 28' 40
/r

, the latitude or the

Royal Obfervatory at Greenwich above ftated, is 2
0 38' 26 ,

the true difference of latitude of the two Obfervatories, which,

Vol. LXXVIL Z fl0in
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from what has been faid of the obfervations on which the re*

fpeCtive latitudes were founded, cannot he fuppofed to differ

above 3 or 4" from the truth. What then becomes of the

uncertainty of 1 fuppofed by the late M. Cassini ?

The fame difference of latitude I find nearly from a compa-

rifon of my own obfervations of y and /3 Draconis, taken with

the zenith fe&or in 1768, with thofe of the Abbe de la

Caille in 1750 and 1756, given in his Fundamenta Aftro-

nomine, after making the proper allowances for aberration, pre-

cellion, and nutation, and correcting my obfervations by Dr.

Bradley’s refraction, and the Abbe de la Caille’s by his

table, and making allowance for the diftance of the Abbe de

la Caille’s Obfervatory from their Royal Obfervatory; viz.

2 0 38' 25",4 from y Draconis, and 2
0 3s 7 26", 1 from /3 Dra-

conis ; the mean being 20 38' 2 5", 7, differing only 0^,3 from

that Rated above; but from Dr. Bradley’s obfervations

2
0

38' 24^9, and 2
0

38' 27", 2, mean 20 38' 26"' o. It

is too well known to aftronomers to need my pointing out,

that the beft method of determining the difference of lati-

tude of places, differing but little in latitude, is by fuch

differences of zenith diffances of ftars paffing near the zeniths,

as the two above cited, obferved at both places, in the fame

manner as the amplitude of the celeftial arc is obferved for

finding the length of a degree of the meridian by comparifon

with geometrical meafures.

The queftion now will be, upon what foundation was the

late M. Cassini’s fuppofition of an uncertainty of 15" in the

latitude of Greenwich built ? This appears evidently to have

been upon a paffage in the Abbe de la Caille’s refearches

into the agronomical refractions and latitude of Paris, con-

tained in the Memoires of the Royal Academy of Sciences for

l 7S5 >
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1

1755, p. 578, 579, where M. de la Caille takes the dif-

ferences of zenith diftances of 14 ftars obferved by Dr. Brad-

ley (in correfpondence to the fame obferved by himfelf at

the Cape of Good Hope, for determining the moon’s parallax in

declination) publifhed in the Memoires of tlie Royal Academy

of Sciences for 1752, and the fame obferved by himfelf at

Paris, after his return from the Cape, and correcting them for the

difference of the refractions at the refpective zenith diltances,

according to his own table of refractions, and the known apparent

motions of the (tars, finds the mean 2
0
37' 23^,9, which added

to 48° 51' 29^,3, his latitude at the College of Mazarine, gave

him 51
0 28" 5

3
",2 for the latitude of Greenwich, exceeding

Dr. Bradley’s latitude by 13 or i4/7
.

Now the legitimacy of this conclufion depends upon a fup-

pofition that both inftruments meafured the true angle, or that

their total arcs were juftly laid off, and that the Abbe de la

Caille’s table of refractions is juft. The firft indeed has been

proved with refpeCt to Dr. Bradley’s quadrant, but never has

been attempted with refpeCt to the Abbe de la Caille’s

fextant; for the examination which the Abbe made of his in-

ftrument by parts for every y°l (fee Memoires of the Royal

Academy of Sciences for 1751 p. 405.), could not determine

the error of the whole arc, as the difference from the truth

might be infenfible upon fuch fmall arcs, and the examination

feems to have been intended to find the differences of thefe

fmall arcs from one another rather than from the true arc

which they reprefent. We may therefore be allowed to doubt

of the truth of this circumftance. This doubt will be further

ftrengthened by feveral particulars which I ftiall adduce.

1. The apparent altitude of the pole at the Royal Obferva-

tory 48° 51' 12", refulting from the Abbe de la Caille’s

Z 2 obfer-
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obfervations, exceeds 48° 5F 4" the mean of the obfervations of

Meff. Maraldi, le Monnier, and Cassini deThury, by 8
V
,

and at the fame time his refractions for that altitude exceed what

they adopt by the fame quantity. 2. His refractions are greater

than all other tables give, Dominico Cassini’s, Flamsteed’s,

Newton’s, Bradley’s, Mayer’s, Simpson’s, and Lord Mac-

clesfield’s. The latter I have by me in a manufcript of Dr.

Bradley, being what he ufed to correCt his obfervations by, be-

fore he had been enabled to determine the refraCtions with the

new mural arc. They were deduced from a brafs quadrant of

5-feet radius made by Mr. Sisson, ftill remaining in the Obferva-

tory at Sherburn -Cattle, and are the more to be efteemed becaufe

the divisions of the inftrument had been fubmitted to thefriftejl

re-examination , whereby, in the opinion of Dr. Bradley, it was

probably rendered as perfeft in its kind as any extant
,
or as human

Jkill could at that time produce. See Dr. Bradley’s Letter to Lord

Macclesfield, Phil. Tranf. vol. XLV. p. 5. The refraCtions in

this table are lefs than Dr. Bradley’s by 2",4 at the altitude of

4 5
0
, and 4" at the altitudeof20°. Mayer’s refraCtions agree almoft

exaCtly with Dr. Bradley’s, and are entitled to much weight,

having been determined by a 6-feet mural arc conftruCted by Mr.

Bird. 5. The refraCtions were found by the French Academicians

at the polar circle, according to M. Maupertuis’s Book on

the Figure of the Earth, to agree nearly with Dominico Cas-

sini’s table. Hence it may be inferred, that the refraCtions in

a warmer climate, as France, Ihould be lefs than according to

the fame table, and therefore much lefs than according

to M. de la Caille’s, and approaching to Dr. Brad-

ley’s, which are a little lefs than M. Cassini’s. 4. M. le

Monnier, after his return from the polar circle, with a qua-

drant examined at the zenith and horizon, and after making

allowance for the error thereby inferred in the total arc, ob-

2 ferved
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ferved a great many refractions of ftars under the pole, with
the ftate of the thermometer, and fometimes of the barometer

alfo, as recorded in his Hiftoire Celefte. Thefe I calculated for-

merly, and found the refraCtions obferved in very hot and very

cold weather, compared together, to follow the fame rate of
increafe and decreafe, according to the changes of temperature,

as Dr. Bradley hasaffigned; and, reducing the obferved re-

fractions to the mean temperature, I found them agree nearly

with Dr. Bradley’s. 5. The refraCtive power of the air

about its mean temperature was carefully obferved by Mr.
Hawksbee, as related in his Phyfico-Mechanical Experiments^

and the ratio of the fine of incidence to that of refraCtion out

of air into a vacuum found to be as 999736 to icooooo. Hence
the aftronomical refraCtion at the altitude of 45

0 fhould be

54/', 6 ,
only 2^,4 lefs than Dr. Bradley’s, and 2" lefs than

the fame when his higher refraCtions are new calculated with

the true parallax of the fun, and i", 2 lefs than I have before fhewn

to refult from my obfervations of the apparent zenith diftance of

the equator compared with Dr. Bradley’s of the apparent ze-

nith diftance of the pole, both taken with the fame brafs mural

quadrant, but 12" lefs than the Abbe de la Caille’s.

From all thefe faCts, I think, I may be allowed to conclude,,

that the Abbe de la Caille’s refraCtions are not juft, but

confiderably too large ; and, confequently, as there can be

110 doubt of the care or diligence ufed by this aftronomer in his

obfervations and calculations, that the total arc of his inftru-

ment is too large for the radius, and, as I (hall ftiew prefen tly,

gires the meafures of the zenith diftances too fmall.

But it may alked, are then all the obfervations of t his great

aftronomer, with their refults, the fruit of fo much labour and

pains, to be confidered as uncertain or lowered in their value in

proportion to the error of his inftrument ? I am happy to

anfvvery
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anfwer, that the very ingenious method which he ufed of get*

ting his refractions from the comparifon of the fum of the

apparent altitudes of the poles at Paris and the Cape with the fum

of the apparent zenith diflances of flars palling the meridian be-

tween the two places, has fortunately, without his being aware

of it, given him the refractions affeCted with the error of the

arc of the inftrument, and confequently proper for correcting his

obfervations ; for, if the inftrument be fuppofed ill divided,

any error in the divifions will naturally be thrown upon the refrac-

tions ; and, if the total'arc is too large for the radius, the flars

will appear to approach the zenith by the error of the divifions

as well as the refraCtions, and the refraCtions in the table will

come out too large, but flill fuitable to the inftrument, becaufe

a correction is neceflary to be added to the obferved zenith

di-ftance, on account of the error of the inftrument, as well as

of the true refraCtions, and the table deduced from the inftrument

gives the fum of the two corrections together, without deter-

mining them feparately.

Hence his table of refraCtions, though well adapted to his

inftrument, may be very unfit to be applied to any other. His

latitudes of his obfervatories and his declinations of the flars

will not lofe any of their certainty, at leaft within the limits of

the zenith diftances meafured by his feClor, viz. 6o°* And this

accounts for a circumftance, at firft fight rather extraordinary,

that his declinations of flars fhould agree fo nearly (generally

within 5" of Dr. Bradley’s, as Dr. Bradley himfelf re-

marked) though his refraClioiis made ufe of were fo very

different.

Having now {hewn, that the Abbe de la Caille’s refrac-

tions are too great, and only fit to be applied to his own inftru-

ment, it will be eafy, by a juft calculation, to reconcile the

before
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before mentioned zenith diftances of 14 ftars, obferved at Green-
wich by Dr. Bradley and by the Abbe de la Caille at

the College of Mazarine at Paris, with the eftablifhed latitudes

of the two Obfervatories, nearly ; in doing which I (hall claim

the fame right to correct Dr. Bradley’s oblervations by his

table of refractions, as I have allowed the Abbe de la Caills
to be intitled to correct his obfervations by his table of refrac-

tions j which, I think, will be allowed me, after what 1 have

faid of the manner in which the Greenwich refractions were

deduced and the inftruments made ufe of. The difference ot

latitude of the College of Mazarine and the Royal Obfervatory

at Greenwich will then come out by the feveral ftars, as fol-

lows; 2° 3f 1 2", 7, i6",o, 1
3", 8, 1 3", 7, 1

8

//

, 4 , 1
7" 7,

1

2

5 1 1
/7
,9»19 > 7 > 23^,2, *7 > 7 > l 7 l 3"*9i

The mean is 2
0
37' 1 5", 2 (or 8^,7 lefs than the Abbe de la

Caille’s refult in his method of calculation, which I have

ftiewn to be inadmiffible) and added to 48° $ i' 29", 3 ,the latitude

of the Abbe de la Caille’s Obfervatory gives 5C 28' 44",

5

for the latitude of the Royal Obfervatory at Greenwich, only

4"! more than eftablifhed by Dr. Bradley’s obfervations

and my own ; a fufficient agreement, efpecially confidering

that many of the ftars were at great diftances from the zenith,

and that no account has been made of the temperature of the air

at the times of the obfervations. The proper method, however,

of fettling the difference of latitude of two Obfervatories is by

ftars near the zenith, as I obferved before ; and the difference of

the latitudes of the two Obfervatories of the College of Maza-

rine and Greenwich, by the Abbe de la Caille’s obferva^-

tionsof (3 and y Draconis compared with mine, was 2° 3 7' 10
/7

, 4,

and compared with Dr. Bradley’s 20 37' 10", 7, the firft of

which, added to the Abbe de la Caille’s latitude, gives,

5^



i 76 Dr. Maskelyne’s Obfervations on the Latitude

51
0
28' 39", 7, and the other 51

0
2,8" 40", for the latitude of

the Roval Obfervatory at Greenwich, exactly agreeing with that

deduced immediately from the observations made at this place.

The fame refult nearly follows from M. Cassini de

Thury’s own obfervations of the zenith distance of the fun

at the fummer folftice of 1755? contained in the Memoires of

the Royal Academy of Sciences for that year, compared with

Dr. Bradley’s, which latter was communicated to me by the

late John Howe, Efq. ; for, by M. Cassini’s obfervations,

the folhitial altitude of, the fun’s upper limb, corrected by

the difference of refraction and parallax, according to

Dominico Cassini’s table, which happens, to agree with

the fame difference by my tables at this height, was

64° 53' 36 //
, from which 15' 47" being fubtraCted for the

femi'diameter of the fun according to Mayer’s tables, there

remains 64° 37' 49", the true altitude of the fun’s center, and

confequently the fun’s true zenith diflance 25
0

22,' 11". But

the fame was found from Dr. Bradley’s obfervations, by my
tables of refraCtions and the fun’s parallax, 28° o' 32", 8.

The difference 20 38' 2\'\Z or 2
0
38' 22" is the difference of

latitude of the two Obfervatories, which added to 48° 50' 14",

the latitude of the Royal Obfervatory at Paris, gives 51
0 28' 36"

for the latitude of the Royal Obfervatory at Greenwich, or

only 4" lefs than before Rated from the Greenwich obfervations,

the difference lying the contrary way to that which the Abbe

de la Caille carried the latitude of Greenwich, by impro-

perly applying his own table of refractions to the Greenwich

obfervations as well as to his own.

The Abbe de la Caille having, in the fequel of his me-
moir, inferred the difference of latitude of Gottingen and the

College of Mazarine from 22 ftars obferyed by M. Mayer
with
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with a 6-feet mural quadrant of Bird’s conftru&ion, cor-

refpondent to. the fame obferved by himfelf, I fhall make fome
remarks on this comparifon, becaufe it appears to me to afford

a ftrong argument to fhew that the Abbe de la Caille’s re-

fractions are too great; and that Mayer’s, which agree with
Dr. Bradley’s, are juft. The Abbe, after correcting the

zenith diftances of 22 ftars obferved at both places by his own
table of refraCtions, finds the difference of latitude of Gottin-

gen and Paris, by a mean, to be 2
0
40' 35", 1? which added

to 48° 5
1' 29^,3, the latitude of the College of Mazarine?

gives.him the latitude of M. Mayer’s Obfervatory 32' 4", 4.

He adds, that fome obfervations of the pole ftar fent to him

by M. Mayer would give the latitude of Gottingen \f' lefs

than he has eftablifhed it, as juft mentioned. Now I find,

that if M. Mayer’s obfervations of the pole ftar, as well as of

the ftars to the fouth of the zenith, be corrected by M.
Mayer’s table of refractions, and the Abbe de la Caille’s

obfervations by his table of refractions, the latitude refulting

from M. Mayer’s obfervations of the pole ftar will agree to

2" with that refulting from the difference of latitude by the

ftars to the fouth; for fubtracting 19" from 51
0
32' 4^,4, the

latitude which the Abbe de la caille has afligned to .Got-

tingen in the manner above-mentioned, there remains 51
0
31'

45",4 the latitude which he found by the pole ftar; to which

adding 5 8, the refraClion at the mean height of the pole

ftar according to the Abbe de la Caille, the fum 51
0 32'

38", 2 muft be the apparent height of the pole by Mr. Mayer’s

obfervations, which diminifhed by 45^,6 , M. Mayer’s re-

fraClion, gives the true latitude of M. Mayer’s Obfervatory

51
0 3C 52", 6. But by the difference of the Abbe de la

Caille’s and M. Mayer’s zenith diftances of the 22 ftars to

Vol. LXXV1I. A a the
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the fouth, corrected each by their own table of refraCtions, I

find the difference of latitude 2° 40" 32",o, 28^,9, 2^ 1 ,

27^,9, 2 2
/7
,6, 28", 3, 32

/7
,0, 26 /7

,7, 27
/7
,2, 24^,2, 25",4,

31", 3, 23
//
,2, 23", 6, 28", 9, i8",4, i6

/7

,7, 22Y,q, 23
,/

s 8,

2i
//
,i, 2 7", 3, 27

7/

3, the mean of which is 2° 40' 25", 6, which,

added to 48° ^ i
7
29", 3, the latitude of the College of Mazarine,

gives the latitude of Gottingen 51
0
31' 54", 9, or only 2

',3

more than I have deduced above from M Mayer’s obferva-

tions of the pole {tar rightly corrected, and only o /7

, 9 lefs than

is fet down in M. Mayer’s tables, which he exprefsly fays,

p. 48. of the precepts to his folar and lunar tables, pub! idled

by myfelf for the Commiffioners of Longitude in 1770, was

deduced from his own obfervations.

I have before, when I {hewed the Abbe de la Caille’s

refraCtions to be confiderably too great, at the tame time vin-

dicated them as fit for his inftrument, becaufe he deduced them

in a manner which gave him the apparent elevation of objeCts

above their true place by the fum of refraCtion and the error of

his inftrument, if his inftrument meafured the zenith diftances

too fmall, as I had concluded it did. The like remark may be ap-

plied to Dr. Bradley’s table ; for his refraCtions at the pole and

equator, having been determined with one and the fame quadrant,

at one time turned to the north to obferve the apparent zenith

diftance of the pole by means of the polar ftar and other circum-

polar liars, and afterwards to the fouth to obferve the apparent

zenith diftance of the equator, in the manner before explained,

muft necefl'arily be the true refraCtions, if the inftrument mea-

fured the true angle ; and the fum or difference of the true

refraClions and the errors of the inftrument for thefe zenith

diftances, in cafe the inftrument did not meafure the true

angle; and therefore equally proper to correCl his obfervations,

whether the total arc was juft or not.

3 Moreover,
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Moreover, from the two refractions thus found at the equa-

tor and pole, the refractions of the circumpolar ftars at their

palling the meridian above the pole were computed by Dr.

Bradley, from the hypothecs that the refractions at confi-

derable altitudes are as the tangents of the zenith diltances
;

which rule is pretty accurately true with refpeCt to the real refrac-

tions, and would vary but little from the truth for the appa-

rent refraCtions, which would be the fum or difference of the

true refraCtions and the errors of the arc, in cafe the total arc

erred from the truth by a very {mail quantity, not exceeding

i o or at mod; 20 feconds. The obferved zenith diltances of

the ftars above the pole being corrected by the refraCtions thus

computed, and fubtraCted from the known co-latitude, gave

their true diltances from the north pole, which added to the co-

latitude gave their true zenith diltances under the pole ; and

this diminilhed by the obferved zenith diltance would give the

refraCtion under the pole, or the fum or difference of the refrac-

tions and the errors of the inltrument belonging to their refpec-

tive zenith diltances ; and thus his whole table would exhibit

the fum or difference of the true refraCtion and error of the

inltrument. Hence the latitude of Greenwich eltablifhed by

Dr. Bradley, with his quadrant, as well as the latitudes of

the Obfervatories at the College of Mazarine and the Cape of

Good Hope, fettled by the Abbe de la Caille with his fex-

tant, and the declinations of the ftars and the obliquity of

the ecliptic found by both will be very near the truth, indepen-

dent of the juftnefs of the total arcs, although their refpeCtive

refraCtions may be fuitable only to their own particular inltru-

ments. But, for the reafons before given, I apprehend, the

Abbe de la Caille’s refraCtions to be much too large, and

Dr. Bradley’s to be very near the truth.

A a 2 I {hall
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1 fhall now dole my enquiry into the latitudes of Green-

wich and Paris, and Dr. Bradley’s and the Abbe de la

Caille’s refractions, by a remark naturally arifing from my
comparifon of, and endeavours to reconcile, their obfervations,

which I defire to fubmit to the confideration of aftronomers, it

not having, that I know of, been made before ; that a table of

refractions fhould be made for every vertical inftrument from

obfervations made with itfelf turned alternately north and

fouth ; and that the table, fo made, applied to obfervations

made with it, will give the true zenith diftances, whether the

total arc of the inftrument be accurately juft, or affefted with

a fmall error, or however unequally it be divided below the

pole, provided the divifions are equal between themfelves in

the part of the inftrument lying between the equator, the

zenith, and the pole.

It remains to give fome account of the longitude of Green-

wich, or rather of the difference of meridians of Greenwich

and Paris, in reply to the late M. Cassini’s doubts on the fub-

je£t. This had been fettled by Dr. Bradley at f 20", as ho

informed me himfelf, and that he had deduced it from eclipies

of Jupiter’s firft fatellite obferved at both places, and that he

had found it come out the fame both from the immerfions and

emerftons. This quantity had been inferted in the table of

latitudes and longitudes of places, prefixed to Dr. Halley’s

tables, on the authority of Dr. Bradley, fo long ago as the

year 1749, the date of the publication of thofe tables, and

was generally admitted by aftronomers till the year 1763,

when the late Mr. James Short, F. R. S. computed it from

the four tranfits of Mercury over the fun in 1723, 1736, 1743,

and 1753, obferved at Paris, London, and Greenwich, to be

9' 1

6

//
, See Philofophical Tranfadions, Vol.LIII. p. 158. In

5 the
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1

the year 1776, I requeued the late Mr. Wargentin, the

learned Secretary of the Royal Academy of Sciences at Stock-

holm, and Author of the Improved Tables for computing
the Eclipfes of Jupiter’s Satellites, who colle&ed obfervations

of them from the principal Obfervatories of Europe, in order

to the further improvement of the- tables, to inform me what
difference of meridians of Greenwich and Paris refulted from

my lafl ten years obfervations of the eclipfes of the firft latel-

lite of Jupiter compared with thofe made by M. Messier at

Paris. In the anfwer which he favoured me with, inferted in

the Philofophical Tranfactions, Vol. EXVII. p. 162. he let

down the refult of the companions of eight correfponding im-

merfions and nine emerfions obferved on both parts, by myfelf

and M. Messier, from which he deduced the difference of

meridians of the Royal Obfervatories of Greenwich and Paris

f 35
//

. By two correfponding immerfions and nine correfpond-

ing emerlions, obferved at both Royal Obfervatories, he found

f zT'. From the obfervations made between 1761 and 1764

he found f 28". By the obfervations made before 1700,

f 2

1

//
. And, from a comparifon of mine and the Parifian ob-

fervations, with the intermediate help of his own made at

Stockholm, f /i(o" : and from the whole he inferred the dif*

ference of meridians to be f 2f\
Twelve years having elapfed fmce Mr. Wargentin’s com-

parifon, I was defirous to fee what would relult from the fur-

ther obfervations made during that time, and applied to the Comte

Cassini, the refpeftable heir of the late M. Cassini de Thury

and his fuccclfor at the Royal Obfervatory, and to the celebrated

M. Messier, to favour me with fuch of their obfervations

of the eclipfes of the firft fatellite of Jupiter as had been made

correfpondent to mine. Thefe they immediately lent me in

the
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the mod obliging manner, by which I am enabled to make

further inferences concerning the difference of our meridians,

as exhibited in the two following tables ; in reference to which

it is to be underflood, that all the obfervations at Greenwich

were made with a 46-inch achromatic telefcope of 3,6 inches

aperture, except a few otherwiie noted as obferved with a

6-feet Newtonian reflector, whofe aperture is 9,4 inches ; and

once with a 2-feet Gregorian- refledtor, whole aperture is 4, 5

inches; and once with an 18-inch Gregorian reflector, with

an aperture of 4,4 inches, furnifhed with new metals of Mr.

Edwards’s brilliant compolition, defcribed in the Appendix to

the Nautical Almanac of the prefent year, which reflects as

much of the incident light as an achromatic telefcope tranfmits;

and that in making out the columns, intitled difference of me-

ridians corrected, I have lubtradted 7" from the immerfions

and added as much to the emerfions obferved with the 6-feet

refledtor, and added 13" to the immerfions and fubtracfed as

much from the emerfions obferved with the 2-feet refledtor, to

reduce them to what the)' Ihould have been probably obferved

at with the 46-inch achromatic telefcope, and added 5" to the

time of the emerfion obferved on Sept. 5, 1784 at the Royal

Obfervatory at Paris, with a 5-feet refledtor of Dollond, to

reduce it to the 3! feet achromatic telefcope.

r

Difference
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Difference of meridians of the Royal Obfervatories at Greenwich and Paris, by

obfervations of eclipfes of Jupiter’s iirfl fatellite, obferved at bo h places.

By Immerfions. Circumftances of ( 1; cnmftances of

Difference Diff. of the obfervati ms at the obfervations at

of meridians Greenwich. the Royal Other*

meridians. corrected. vatory at Paris.

1779, Jan. 11
/ //

9 22
/ y/

9 2 9 6 F. Limbs undulating.

18 9 3 s 9 45 6 F,; air a little hazy. Air very clear.

1780, Jan. 14 9 5 9 5 Air very clear.

Mar. 18 9 16 9 16 Air very clear. Air hazy.

25 9 8 9 8 — — Air a little hazy.

1785, Odt. 1 9 11 9 11
rln contadl with

| Jupiter’s body.
A little hazy.

Mean of 6 iinm. 9 i 7 9 19

By Emerlions. Circumflances of Circumflances of

Difference Diff. of the obfervations at the obfervations at

of meridians Greenwich. the Royal Obfer-

meridians. corredted. vatory at Paris.

1773, Nov. 1

y /

9 IO
y y/

9 3 6F. Air a little hazy.

1
7 7

5

»
Feb - J 5 i° 44 10 37 6 F. Twilight. Air very clear.

Mar. 17 9 43 9 36 6 F. Air a little hazy. Air very clear..

1778, Mar. 13 10 46 10 46 —Bright moonfhine.

Apr. 12 9 46 9 46 Air hazy.

1779, Mar. 30 10 43 i° 43 — — Air hazy.

9 5 °
f 2 F. reflector. Air

Apr. 1 10 9
1 very clear.

1781, May 24 9 49 9 49 Air very clear.

3 l 9 8 9 8 — — Air very clear.

1782, Aug. 29 9 2 7 9 2 7 Air very clear.

1 7 8 3> Au g- 2 8 54 8 54 Air very clear.
r The fat. very near

]
Jupiter’s difk.

061 . 26 9 45 9 45
f Air very clear, but f Limbs undulating.

t Jupiter low. \ much.

r 5 -feet refledtor by

1784, Sept. 5 9 4 9 9 Air very clear. J Dollond, magni-

t fying 43O times.

1785, Nov. 9 9 26 9 26
f 18 inch refledtor,

1 new metals.

16 9 45 9 45
- - Hazy,

Meanofi 5emer. 9 44?4 9 42
Menu of 6 imm. 9 l 7 9 19

Mean of both
|

means . [

9 3 1 9 3°i —
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Before the 24th of May, 1781, a 31-feet achromatic tele-

fcope of Dollond, of 42 lines aperture, that was but an

indifferent one, was made ufe of at the Royal Obfervatory at

Paris. From that time a very good one was employed of the

fame fize and aperture.

Difference of meridians of the Royal Obfervatory of Green-

wich and the Hotel de Clugny at Paris, 2
" of time Eaft of

the Royal Obfervatory, deduced from obfervations of eclipfes

of Jupiter’s firffc fatellite obferved at both places.

By Imin erfions.

Difference

of

meridians.

Diff. of

meridians

corrected.

Circumftances of

the obfervations at

Greenwich.

Circumftances of
the obfervations at

Hotel de Clugny.

3 775 * J iily 15
/

9

//

55
J

9

//

55
- Air very clear.

Aug. 7 9 6 9 *3 6 F. Air very clear.

1776, Sept. 10 9 22 9 22 Jupiter a Jittle hazy.

1 777 >
Sept. 6 9 33 9 33

— — Air very clear.

Nov. 7 9 23 9 23 Air hazy • Air very clear.

3 7 79 > Jan. 1

1

10 18 10 25 6 F.

1 little hazy.

Air very clear.

18 9 23 9 30 6 F. air Air very clear.

Dec. 22 8 10 8 10 Air very clear. A little hazy.

1780, Jan. 7 9 39 9 39 Air very clear. Air very clear.

14 9 40 9 40 Air very clear. Air very clear.

Mar. 18 9 2 9 2 Air very clear. Air very clear.

25 9 24 9 24

1781, Feb. 26 8 48 8 48 ’s limb undulates.

Mar. 5 8 59 8 59 - — Air very clear.

Apr. 1.3 9 16 9 16 - - Jupiter ill defined.

July 8 9 58 9 58 - - Air very clear.

1786, Sept. 4 9 J 9 9 *9 Air very clear.

Dec. 30 9 3 1 9 3 1 Air very clear. Very hazy.

Mean ofi8unm. 9 22,5 9 23,7

By
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By Erne rfions.

Difference

of

meridians.

1

Diff. of

meridians

correaed.

Circumftances of

the obfervations at

Greenwich.

Circumftances of

the obfervations at

the Hotel de Clugny

/ // / //

1775 ,
Feb. i 5 9 3 1 9 24 6 F. Twilight. Air very clear.

22 9 1 8 54 6 F. Air very clear.

Mar. 1 7 9 l 3 9 6 6 F. Air a little hazy. Hazy.

1776, Jan. 26 9 15 9 J 5 — —
1
7

7

7 >
Feb. 4 8 5 i 8 5 i Air very clear. Air very clear.

Mar. 24 9 13 9 Air very clear. Air very clear.

3 1 9 22 9 22 Air very clear.

1778, Feb. 25 8 48 8 48 — — Air hazy.

Mar. 1

3

9 15 9 *5 — — A little hazy.
Apr. 5 9 17 9 1 7 Air hazy. Air very clear.

12 10 1

1

10 1

1

— — Air very clear.

May 21 9 29 9 22 6 F. Air very clear.

1780, Apr. 1 9 9 28 9 28 Air very clear.

May 28 9 37 9 37 - - Air very clear.

1781, May 3 1 9 10 9 10 - - Air a little hazy.

June 16 9 25 9 25 - - Air a little hazy.

* 7 83, Aug. 2 9 23 9 23 Air very clear. Air very clear.

25 9 40 9 40 Air very clear.

oa. 3 9 30 9 3° Air very clear. Air hazy.

f 18-inch refleaor,
1785, Nov. 9 9 T 4 9 >4

l new metals.

18 9 12 9 12 Air very clear.

1786, Jan. 0
9 5 s 9 5 8 Air a little hazy. Air hazy.

Meanof2aemer. 9 22 9 20,7
I

M. Messier’s achron1. telefcope is of 3J
Mean of 1 8 imm. 9 22,5 9 23,7 feet focus, 40 lines aperture, with mag-

nifying powers of 70 and 140.

Mean by both 9 22 9 22
Royal Obferv. -

welt of Hotel — 2 — 2

de Clugny

DifF. of merid.

of the Royal 9 20 9 20
obfervatories J

Hence the difference of meridians of the tw’O Royal Obfer-

vatories, by the obfervations made in the Royal Obfervato-

ries themfelves, is f go '
; and by the obfervations made by

Vol. LXXVIT. B b M-
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M. Messier, at the Hotel de Clugny, and reduced to the

Royal Obfervatory is f 20". The mean of both refults is

9
/

2$
//

. But if greater weight he given to the latter determi-

nation than to the former in the ratio of 2 to f, on account of

the feries of M. Messier’s obfervations being the molt com-

plete, the difference of meridians will be 9
7 23".

M. du Sejour, in the Memoires of the Royal Academy of

Sciences for 1771, found 9' 20"

,

as well from the beginning

as end of the folar eclipfe of 1769. M. Mechain, the learned

editor of the Connoiffance des Temps, informs me, that from

the immernons of Celeno and Maia at the moon’s limb, on

March 5th laft year, he has found by calculation from M.

Messier’s obfervations compared with mine 9'' 19^,9 and

9
/
i7

7/

,9, or by a mean 9' i 8
/7

,9 ; but, by his own obfervations

compared in like manner, he makes it a little more than f 20"

,

He regulated his clock by correfponding altitudes ; but M.
Messier corrected his by a tranfit inftrument, which, how-

ever, has no meridian mark. For the prefent, I infer, we
may take the difference of meridians 9' 20", as being within

a very few feconds of the truth, till fome more occultations of

fixed flars by the moon, already observed, or hereafter to be

obferved, in favourable circumftances, and carefully calculated,

fhall enable us to eftablifh it with the laid exadtnefs. To col-

lect and calculate fuch obfervations I have not leifure at pre-

fent ; but the field of calculation is equally open to the cele-

brated aftronomers of Paris, the obfervations made at this

place being now publifhed annually.

The extenfive geometrical operations recommended by the

late M. Cassini de Thury, and commenced under the direc-

tion of Major-general Roy, F. R. S. by his exadl meafure of a

bafe on Hounflow-Heath, may alfo, when completed, deter-

mine
I
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mine the difference of meridians of Greenwich and Paris to

great exa&nefs. But they do not feem to me likely to throw
any new light on the difference of latitude of the two Obfer-

vatories, becaufe the uncertainty we are ffill under about the

true figure and dimenfions of the earth, and the irregular attrac-

tions arifing from the irregular external figure and unequal den-

fity of the internal parts of the earth would prevent us from draw-

ing any accurate conclufions, or fuch as we could confide in, from

thofe geometrical meafures, with refpedt to fo large a quantity

as 2° 38' 2

6

/7
the difference of latitude; and, at all events, it

muff be lefs exaft, as it is lefs direfft, to determine the difference

of latitude of two places from the meafured diftance of the

two parallels compared with the length of a degree in the in-

termediate latitude, inferred from former meafures of degrees,

which were themfelves determined with the help of affrono-

mical obfervations, than to infer it from the immediate affro-

nomical obfervations made at the two obfervatories, in the

manner I have already deduced it.

NEVIL MASKELYNE,
Affronomer Royal.

Greenwich,

February 21, ijSj.

E 1) 2
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XIX. An Account of the Mode propofed to hefollowed in deter-

mining the relative Situation of tide Royal Obfervatori s of

Greenwich and Paris. By Major-General William Roy,

F. R. S. and A. S.

Read February 22, 1787.

TWO years have nearly elapfed fince an account of the

meafurement of a bafe on Hounflow-Heath was laid

before the Royal Society, being the firfr part of an operation

ordered by his Majefty to be executed for the immediate pur-

pofe of afcertaining the relative fituations of the Royal Obfer-

vatories of Greenwich and Paris ; but whofe chief and ulti-

mate object has always been confidered of a ftill more impor-

tant nature, namely, the laying the foundation of a general

furvey of the Britifh Ifiands.

When the operation commenced in 1784, it was not doubted,

that in 1786, at latefl, we fhould have been able to have pro-

ceeded with the feries of triangles from Hounflow-Heath to the

neighbourhood of Dover; but the contrivance and conflrudtion

of an inftrument, new of its kind, propofed to be made ufe of,

and more particularly the nicety of its divifion, whereby it is

hoped the angles may be determined to a degree of preciflon

hitherto unexampled, have required much more time than Mr.

2 Ramsden
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Ramsden himfelf at firft imagined. Without meaning to

difappoint, this ingenious artift was perhaps in the outfet too

remils and dilatory, and accidents having happened when the

workmanfhip was already far advanced, which he could not

forefee or prevent, the execution has thereby been greatly re-

tarded. However, fince the inftrument may at prefent be con-

fidered as nearly fi niflied (fuch parts as yet remain to be per-

fected being only of the fmaller kind), we may fairly conclude,

that early in the enfuing fummer, or as foon as the weather in-

this country will permit, the trigonometrical operation may be

begun. In this fate of things, I have therefore judged that

it might be proper to lay before the Society a fhort Iketch of

the mode which is propofed to be followed in ful-

filling his Majefty’s commands, accompanied by a

very flight general map of the country, only col-

lected from the common furveys, but f ill fuffi-

cient to fhew nearly the difpolition of the triangles

that will be made ufe of in forming the junctions

between the meridians of the two Obfervatories.

In this bufinefs it will be underftood, that I mean

to adhere to luch principles as have been univer-

fally received and admitted as juft.

In every feries of triangles where each angle is

to be aCtually oblerved with the fame inftrument,

they fhould, as near as the circumftances will

permit, be equilateral : for were it poffible to

choofe the ftations in fuch a manner as that each

angle fhould be exaCtly 60 degrees, the half num-

ber of triangles in the feries, multiplied by the

length of one fide, would, as in the annexed

figure, give at once the total diftance ; not only the fides of

the
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the icale or ladder would be perfectly parallel, but the diagonal

Reps, marking the progrefs from one extremity to the other,

would be alternately fo throughout the whole length. The

fir'd: fide is iuppofed to be found by the meafurement of a bafe

II, of about half its length ; and the lafl fide to be verified by

fuch another bafe R at the oppofite extremity.

In any particular cafe, where only two angles of a triangle

can be actually obferved, thefe fhould be as near as poffible each

45 degrees. At any rate their fum fhould not differ much from

90° ; for the lefs the computed angle differs from 90°, the lefs

chance there will be of any confiderable error in the inter-

fection.

Romney-Marjh
,
from its levelnefs, as well as other advan-

tageous circumidances attending its fituation, which the bare

infpedtion of the map will render obvious, feeming to me to

afford the bed bafe of verification for the laid triangle, I have

given the feries the Ihortefd direction from Hounflow-Heath

to that part of Kent. The right hand ftations occupy in

general the heights which extend acrofs the Wealds. Thofe

on the left are placed on the great range of chalk hills, which

end, on our fide of the Channel, between Folkftone and Wal-

mer-Caftle, and re-commence on the oppofite fide between

Cape Blancnez and Calais.

It will be perceived, that I do not mean to make St. Paul’s

a ftation in the fuite ; becaufe in that cafe Harrow and Hamp-
idead mnfd likewife have been made life of, all three extremely

inconvenient for the reception of the great inflrument. Befides,

Greenwich Obfervatory being hidden from the country to the

fouth-wefd by the Norwood heights, and from that to the

fouth-eaft by Shooter’s-Hill, after having made the detour of

Harrow and Hampftead, and come acrofs the fmoke of the

Capital,
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Capital, we lhould ftill have been obliged to make ufe of the

two ftations of Norwood and Shooter’s-hill, without procuring

fo good an interfe&ion of Bottle-hill, called in the common
maps (I believe erroneoufly) Botley-hill, as is obtained bv

means of the ftation at the H undred-acre-houle. But although

none of the fhitions of the feries actually fall within London, ne-

vertheless, from thofe in its vicinity, viz. the Pagoda, Norwood,

Greenwich Obfervatory, and Shooter’s-hill, we {hall equally

have it in our power to determine accurately the fituations of

Harrow, Hampftead, and St. Paul’s, as well as many other

chief fteeples within the limits of the Capital.

Another principle I have endeavoured to adhere to, in the

difpolition of the triangles, is this, that, after having obtained

fides in length from iz to 18 miles, I continue them at that

length as much as the circumftances will permit ; for, if they

came to be reduced conhderably below that extent, the obvious-

advantages of a long bale at the outfet would be loft, bv the

fnbfequent contra&ion towards the clofe of the operation.

The tower of Tenterden church, being a very confpicuous*

object, may be feen every where from the fummit of the chalk

hills, as far weft as the river Medway. It likewife may be feen

from the eaftern extremity of the fecond bafe, whereby the.

laft triangle,. ’Tenterden , Lid, Allington Knoll
,

is propofe’d to

be verified. This knoll is itlelf a very remarkable objefl,

more acceftible, and in other refpects more proper too for the

purpofe of a ftation than Lymne church fteeple, which I had

at one time thoughts of occupying. The high ground which

feparates Romney-marfh from the Wealds of Kent, pafles

immediately behind Ruckinge ,
that is to fay, to the north-

weftward of it, and may therefore probably prevent the top of

the chalk hills from being feen from the weft end of the bafe

7 o£
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of verification ; but \i Tatterlees-Bam*, or any other point on

the range near it, can be feen from Ruckinge, then the Ra-

tion on the knoll, as well as that at Lymne, will become

equally unneceflary, and the triangle of verification will be-

come Tenterden. Lid
,
Tatterlees.

It will be perceived, that I propofe to have a Ration on

Fairlight Head
,

a land of confiderable height, from whence

there is a good view of the coaR of France near Boulogne.

From this point and Tatterlees, with the help of the Indian

lights, I have no doubt of obtaining a fine interfe&ion of the

lignal of the Boulemberg ,
a hill of fome note behind the town

of Boulogne, and one of the Rations made ufe of by the

French Academicians in the execution of their triangles. The
advantages of obtaining a triangle of this magnitude, whofe

tides are refpecbively in, length about 45, 36, and 25 miles, are

too obvious to require any comment.

The high chalk cliffs near FolkRone prevent Dover Cafle

from being feen from Lid, or any where in the plain of

Romney-marfh. Hence it will become neceflary to form two

final 1 triangles to the northward of Tatterlees, in order to

obtain an interfeftion of one of the turrets of the keep of that

caRle. Of the center of the keep, it will be perceived, by the

Rrong dotted lines, that the French Academicians have pro-

cured, from their Rations at Calais
,

Blancnez
, and Auding-

hen
,

an acute interfeflion (de la Grojfe Tour de DouvresJ

making in the whole an angle of 28° i6
/ 20".

The points which are obvioufly the beR for connecting our

triangles with thofe of our neighbours, are the Boulemberg,

Blancnez, and Calais, provided we could by any means obtain

* Tatterlees Barn, in Packe’s Map of Eaft Kent, on the fummit of the

chalk hills, 727 feet above thefea.

as
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as good an interfe&ion of the lad as we are certain of getting of

the two fird ; but the breadth of the range of chalk hills

being little different on our fide from what it is on theirs,

by confining ourfelves to fuch a bafe as they will afford us, we
cannot any way obtain an interfered angle at Calais greater

than about 29
0 or 30°.

Thinking that poflibly from St. Peter’s church in the ide of

Thanet the tower of Notre Dame at Calais may be feen, I have

extended dotted triangles into that part of Kent ; becaufe, if

the united heights fhould not be diffident to raife the top of

the tower above the curvature of the fea, which is the only

thing to be doubted, we are always certain, that the fignal of

Blancnez may, by means of the Indian lights, be eafily feen,

fmce the whole range of chalk hills behind Calais are dis-

covered with the naked eye from the ide of Thanet, when the

weather is tolerably clear.

Having in this manner afeertained the relative dtuations,

with regard to the coad of England, of three points on the

coad of France, forming a triangle whofe ddes and angles

we already know from their trigonometrical operations, we

lhall in like manner be enabled to determine the fituation of

the point M near Dunkirk, where the meridian of the Royal

Obfervatory of Paris interfe&s a line drawn from the great

tower of Dunkirk to that of N. D. at Calais. (See Tab. IX.)

The didance MP, on the meridian of Paris, will then be had

;

and that being added to 13341 7 fathoms, the didance of INI

northward from the Royal Obfervatory, we (hall have the total

terredrial arc, comprehended between the parallels of the two

Obfervatories, anfwering to an arc in the heavens of 2
0 38'

26", or a difference cf latitude between 5-1° 28' 40" and

48° 50' 1

4

//
.
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In like manner the diftance from Greenwich to P, on the

parallel of Greenwich, will then be readily computed, anfwer-

ing to the difference of longitude between the two Obferva-

tories ;
which, as far as can be judged from the map of Kent,

corrected for the error in the direction of its meridian, amounts

to about 2° 29' 20y/ , fuppofing always that no uncertainty

remains with regard to the pofition of the point M. But here

fome remarks become neceflary, which may probably fuggeft

to the Academy of Sciences, that a further inveftigation of

this matter may be needful on their part.

By referring to the 57th page of the firft part of M. Cas-

sini’s Book (La Meridienne verified), it will be feen, that Dun-

kirk, by one feries of triangles, is eaftward from the meridian

of Paris 1426.53, and by another 1414.29 toifes, whereof the

mean is 1420. 41,equal to 1514 fathoms. This difference of 6§

fathoms, or little more than half a fecond of longitude between

the mean and extreme places of M, is certainly very inconti-

derable. But in the 60th page, where, in verifying the meri-

dian of Paris, by the comparifon of the angle that Broulezele

makes with the meridian of Dunkirk, and the angle of con-

vergence of one meridian to the other, a difference of 2 1 fe-

conds between io° 16' 13" and io° 16' 34", is alledged to bs

almoft infentible, we do not think to' be a conclution fo unex-

ceptionable. This, however, is not the only caufe of uncer-

tainty with regard to the juft polition of the point M : one of

more importance arifes, from the difference that is found by

two fets of triangles in the angle of interfe&ion of the meri-

dian of Paris, with a line drawn through M from the tower

of Dunkirk to that of Calais.

Thus, by p. 53. and 56. of the firft part of M. Cassini’s

^ook, Dunkirk being the ftation, Broulezele makes an angle

with
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with the meridian of io° 18' 25" towards the fouth-weft : and

the angle between Broulezele and Hondfcote being 78° 1
1' 42",

their difference 67° 53' 17" is the angle that Hondfcote is

fouth-eaft from the meridian ; wherefore the complement of this

laft angle to i8o°, viz. 1 12
0 6' 43" is the angle that Hondfcote

makes with the meridian of Dunkirk produced northward. By

p. 166. of the lecond part, Dunkirk being the ftation, the

angle between Hondfcote and Mont-Caflel is fhewn to be

51
0 Y 1

5"
; that between Mont-Caflel and Watten 42

0 6
'
35";

and by p. 167. that between Watten and Calais is 51
0
40' 2o

7/
.

The fum of thefe three angles is 144
0
54' 10", from which

deducting 67° 53' l Y' the angle that Hondfcote is fouth-

eaftward from the meridian, there remain 77° o
/

53
//

for the

angle of Calais fouth-weftward from it *, and the complement

of this angle to 1 8o°, viz . io2°59
/

7", becomes the angle that

the meridian of Dunkirk produced northward makes with a line

drawn through M to Calais : to which laft adding the angle of

convergence of one meridian to the other 1' correfponding

to the diftance of 1514 fathoms, equal to 1' 29" l of a great cir-

cle, we fhall have 103° o' 57"

\

for the angle which the meridian

of Paris produced northward from M makes with the line

joining Dunkirk and Calais.

Again, by p. 63. of the third part of M. Cassini’s book,

Dunkirk being the ftation, the angle that Gravelines makes with

the meridian fouth-weftward is 72
0 ii

/

48 '

; and bv p. 12.

of the faid third part, the angle between Watten and N. D.

Calais is 51
0
39' 50^ : alfo that between Gravelines and Calais

is 56° 42' o". Now the difference between thefe t\Vo laft

4° 47' 50" being added to 72
0 if 48", we fhall have 76° 59'

38". and its complement 103° o' 22", for the angles that the

meridian of Dunkirk makes with the line drawn from thence

through the point M to Calais : to which laft angle adding

Ccz the
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the former convergence i' 50"!, we have 103° 2
/

I2
y/

| for

the angle that the meridian of Paris produced northward from

M makes with the faid line ;
but by the former fet of angles

it was found to be only 103° o' 57" wherefore the difference

is 1
' 15".

From M. Cassini’s book it appears, that Dunkirk is north

from Paris 1 255 1 5.25 toifes, which make 133768 fathoms; and

the pointM being fouth from the tower of Dunkirk 331 fathomsr-

there remains for the diifance of M northward from the Royal

Obfervatory 133417 fathoms. Now, with this diftance as-

radius, the value of an angle of 1' 15" is 48! fathoms, equal

to 4" 34
;// of longitude. Thus the point M, inhead of being

wefhvard from Dunkirk 1514 fathoms, will, by the laft fet of

angles, only be removed from it 1 4 6 5 § fathoms: wherefore

the difference between the mean and extreme places -of M, in

this way of confidering it, will amount to 24 1 fathoms, about

four times as much as that refulting from the comparifon Rated

in the 57th page. In the parallel of Greenwich the extreme

difference will amount to 58.4 fathoms, or about 5! feconds of

longitude, not much more than one-third part of a fecond of

time.

In this fort of uncertainty, with regard to the precife point

of interfe&ion of the meridian of the Royal Obfervatory of

Paris with the line joining Dunkirk and Calais, the only

thing that can be done on our part, is to confider the mean
pofition of M as juft, that is to fay, to fuppofe it to be 1514
fathoms weftward from the great tower of Dunkirk, and

having connected it with the Britifh triangles, to (hew then

what angle its meridian will make with the line drawn from

Dunkirk to Calais.

Comparifon
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Comparifon of the celejlial arc of the meridian
, comprehended

between the parallels of Greenwich and Perpignan, with the

correfponding portions
, meafured and computed

, of the terreftrial

arc of thefaid meridian, between M Perpignan.

Ill the confideration of this matter it is to be obferved, that

M. Cassini has divided the celeftial arc between the parallel

of Dunkirk,, or, which is the fame thing, between the parallel

of M and Perpignan, into four principal fedions ; viz. that

from M to Paris, from Paris to Bourges, from Bourges to

Rodes, and from Rodes to Perpignan ; aligning to each fedioiv

the meafured portion of the correfponding terreftrial arc, refult--

ing from the triangles of the meridian.

By pages no, ill, 1 12, of the firft part of the book it appears,

from the mean obferved zenith diftances of four Bars, that the arc

of the heavens, between the parallels of Dunkirk and Perpignan,
0 / fi //;

contains - — — — — 820226
And from the mean of the observations of a like number of liars,

the parallel of Rodes is diftant from that of Dunkirk, — 6 50 51 14.

Wherefore Rodes is north from Perpignan - 1 39 1 1 1

2

Bourges, by the mean zenith diftances of two Bars, is fouth from

Dunkirk, - - - - - 3 S6 59 55

Wherefore Bourges is north from Perpignan, - 4 23 2 31

And by another mean, in p. 112.it is - - 4 23 2 35

The mean of which two means gives for the diBance of their

parallels, - - - - 4 23 2 33

Perpignan
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o t // Ilf

Perpignan is fouth from the Royal Obfervatory at Paris, by the

mean zenith diftanc.es of four ftars, — — 6 8 it 5 2

Hence Paris is fouth from Dunkirk - — 2 II 50 34
Rodes is fouth from Paris, by the mean zenith diftances of two

ftars — - — — — 4 28 59 45

Hence Perpignan is fouth from Rodes, — — I 39 1 2 7

And by a former refult it was found to be, — — 1391112
Hence the mean of the two means gives, for the diftatice of the

parallels of Rodes and Perpignan, — — - 1 39 1 1 28

The tower of the great church at Dunkirk is northward from

what was the ftation of the fedtor 84^ toifes, equal to 89.8 fathoms,

which correfpond to an arc in the heavens of - 00519
Wherefore the tower is north from Paris, - — 2 1

1

55 53

But the point M is fouth from the tower 351 fathoms, which

anfwerto an arc in the heavens of - - - 0 0 20 45
Hence the point M is northward from the Royal Obfervatory at

Paris, — — — — — 211358

Now, from thefe data, together with the latitude of the

Royal Obfervatory at Greenwich 51
0 zW 40", and that of

Paris 48° 5c/ I4
//

, we (hall have the latitudes of the feveral

Rations between Greenwich and Perpignan, with their dif-

ferences, or the celeftial arcs comprehended between them, as

underneath.

Stations. Latitudes. Diff. or celeftial arcs.

Greenwich Royal Obfervatory, —
0

51 28
tt

40
at O tit

0 26 CO

tit

C2
Point M near Dunkirk, — —

5 1 1 49 8

Paris Royal Obfervatory, — — 48 50 14 2 11 35 8

Bourges, — — 47 5 4 41 1 45 9 19

Rodes — — — 44 21 *3 36 2 43 5 i S
Perpignan (St. Javmes) 42 42 2 8 1 39 11 28

This latitude of Perpignan 42
0 42' z" S'" is what refults

fiom the immediate comparifon of the lengths of the celeftial

arcs,
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arcs, as determined by the zenith didances of dars, taken

with a feCtor of flx feet radius, and where the observations are

fo nearly confident among themlekes, as to leave little doubt

of their accuracy ; but in the 290th page of M. Cassini’s

book, fo often quoted, as well as in the 170th page of his

Dcfcription Geographique de fa France
,
publifhed in 1783, the

latitude of Perpignan is given 42° 41' 55", which is 7" S"7

lefs than that deduced from the obfervations, without any rea-

fon that I can perceive being afiigned for the reduction.

Perpignan, the fouthernmoft dation of the meridian line

extending from Dunkirk through the whole kingdom of

France, is fituated at no great didance from the bottom of the

Pyrenean mountains, where that lofty range ends at the Medi-

terranean fea. M. de la Caille was of opinion, that the

plummet of the feCtor mud have been affeCted by the a ttradion

which it would differ from that caufe ; a fuppofition which,

neverthelefs, has been doubted, fince the obfervations made in

this country on the attraction of Schehallion : for by thefe it

appeared, that the efFeCt, although fenfible, was but fmall,

even when the feCtor was placed as near as poffible to the oppo-

dte fides of the mountain. It is indeed true,, that the Canigou
,

the highed of the Pyrenean range, being fituated obliquely to

the meridian, and at a confiderable didance from Perpignan,

would not probably occafion much deviation in the plummet

;

yet, on the other hand, when we compare the very trifling

quantity of matter in Schehallion with the immenfity of the

mafs in the Pyrenees, in the direction of the meridian, I can-

not help being of M. de la CAiLLE
r
s opinion, that the plum-

met of the feCtor would be fenfibly affeCted, that is to fay, it

would be drawn to the fouthward out of its perpendicular

direction, and would thereby give the zenith didance of the

pole,



200 Gen, Roy’s Account of a

pote, or any other northern ftar, too little, and confequently,a

latitude too great. Until triangles fhall have been extended

beyond the Pyrenees, and the feCtor placed on the fouth fide of

the range, the quantity of this attraction (by its double or

counter-effect) cannot poffibly be afcertained. I will, however,

only fuppofe it to have been io
7/

8
7//

to be deducted from the

latitude of Perpignan, which will then become 42
0

4.1' 52'

only three feconds lefs than that affgned to it in M. Cassini’s

two books before mentioned. Thus the arc between Rodes

and Perpignan will be i°39 7 21" 36
7//

, and the total celeftial

arc between Greenwich and Perpignan will be 8° 46' 48
/7

, as

may be feen by attending to the four columns towards the left-

hand of the annexed table of comparifon.

With regard to the correfponding terrefirial arc, under

which head are arranged the eleven columns towards the right-

hand of the table, it is to be obferved, that various mealure-

ments have at different times been made in different latitudes of

the lengths of the degrees of the meridian, for the purpofe of

obtaining, within certain limits at leaf:, the true figure and

dimenfions of the earth. The mofi: effential operations of this

fort, as having been executed with mofi: care, with the beft

inftruments, and at the greateft diftances from each other,

have all been done within thefelafr forty or fifty years; namely,

in Peru under the equator, in middle latitudes in France and

Italy, and in Lapland near the polar circle. The attraction of

mountains, and unavoidable errors in the execution, will ever

prevent juft conclufions from being drawn from the comparifon

ot meaturements made too near each other. Thefe lafi: will

always be found to differ more or lefs among themfelves.

Sometimes even the refults may become abfurd or contradictory.

In cafes of this fort, a mean of feveral fhould no doubt be

5 taken
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taken for a mean latitude, unlefs there fhould be fufficient

grounds for rejeding any from the number, as differing too

much from the others. Hence it is, that philofophers are not

yet agreed in opinion with regard to the figure of the earth

;

fome contending, that it has no regular figure, that is to fay,

not luch as. would be generated by the revolution of a curve

around its axis. Others have fuppofed it to be an ellipfoid ;

regular, if both polar Tides fhould have the fame degree of

flatnefs ; but irregular, if bne fhould be flatter than the other.

And, laftiy, fome fuppofe it to be a fpheroid differing from the

ellipfoid, but fuch as would be formed, neverthelefs, by the

revolution of a curve around its axis; although in this cafe

too one polar fide may not be fimilar to, but more or lefs oblate

than the other.

In order, therefore, to put this matter in its true light, and

to enable every one to judge, by limple infpeCtion only, which

of the theories agrees bcft with actual meafurement, I have

computed on ten different hypothecs
,
and arranged in their

order, the lengths of the arc between Greenwich and Perpig-

nan ; as alfo fome other chief properties of each figure, which

laft fill up the fpace towards the bottom of the table. This

mode of collecting the refults feemed to me to be the mofl

di/tindt that could be followed, to avoid that perplexity which

muft for ever occur in referring back to, and comparing, many

numbers together, computed on different fyftems, when the

whole are not placed before the eye at once.

The firft of the eleven columns, or that which comes next

to the celeftial arc, contains the mealured portions of the cor-

refponding terreftrial arc, as far as they have yet been exe-

cuted. The blanks at top cannot he fupplied, until we fhall

Vol. LXXVII. D d have
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have determined the length MP, in the map, being the fpace

comprehended between the parallels of M and Greenwich.

In the fecond column are arranged the computed dimendons

appertaining to the earth as a fphere, fuppofing its femi-diameter

to be a mean between the longed; and fhortedof M. Bouguer’s

fecond fpheroid. It is from the magnitude of this fphere that

I compute the degrees of a great circle for the fides of l'pherical

triangles. By adverting to the errors or differences between the

meafurement and computation, in their refpeclive places, it

will obvioufly appear that the earth differs very confiderably

from a fphere : for although the arc M Perpignan of 8°| only

exceeds the truth by 609 fathoms
;
yet an arc of equal length

at the equator, viz. 8°. 33 x 374.6, would give an excefs of

31 20 fathoms ; and at the polar circle 8°33 x 335.2 would give

a defedl of 2792 fathoms.

After the Inhere follow feven ellipfoids of different degrees

of oblatenefs, from the fird, whofe femi-diameters have to

each other the ratio of 179.047 to 178.047, to the feventh,

where it is only that of 540 to 539. On the principles which

have ferved as the foundation of the fird and fecond, it will be

neceffary to make fome remarks ; but as to the others, a few

words will fuffice for each.

With regard to the fird: ellipfoid, fuppofing the earth to be<

homogeneous, it is well known, that the ratio of its femi-

diameters may be found, by comparing with each other the

lengths of the pendulums that vibrate feconds in different lati-

tudes ; which lengths are deduced from the feconds of accele-

ration, that the pendulum, fo adjuded, and unalterably fixed

as to length, at the equator, would perform in 24 hours, on

being fuccedively transported to different latitudes, as far as

the pole, where the force of gravity being the greated,

the acceleration would likewife be the greated. The calcu-

3 lations
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lations for this purpofe were firfi; made foon after * Lord Mul-
grave’s return from his Voyage towards the North Pole in

1 773 -

* The moft northern experiments hitherto made with the pendulum, arcr

thofe at Spitzbergen, in latitude 79
0
50', whereof an account has been given in

the Voyage towards the North Pole in 1773. The machine made ufe of on that

occafion belonged originally to the celebrated watch-maker, Mr. Graham, and

was lent for the purpofe by its prefen t proprietor, Mr. Cum mi kg, who has fince

obligingly permitted it to remain for feveral years, at two different times, in my
pofleffion, where it now is. Soon after the return from Spitzbergen, I afeertained

its rate cf going by my obfervatory clock, for a great while together, in very

different temperatures
;
and thereby found, that the variation from heat and

cold, namely, -^-ths of a fecond for each degree of Fahrenheit, was confi-

derably more than had been allowed for it, in determining the acceleration from

London to Spitzbergen. About this time likewife, Dr Horsley difeovered that

an error had been committed by the aftronomer (the late Mr. Israel Lyons)

employed by the Board of Longitude on that Voyage, in calculating the fpherical

triangle for the correction of the time between the 16th and 17th of July, on

account of the obliquity of the tranfit-inffrument. From Dr. Horsley’s printed

letter on this fubjeCt in 1774, it appears, that the difference from that caufe

amounted to 37 feconds in time, as given by the obfervation with the inffrument

and by the watch. And ftnee there was reafon to fufpeCt, that the telefcope had

by accident been moved (one could not tell how much), it was judged fafeft to

adhere to the acceleration 71".08 as given by the wratch. The correction for the

greater contraction of the fteel rod, I found to be to be fubtraCted, where*

fore the acceleration from London to Spitzbergen became 68
;/

.5, and that from

the equator to London being 156'', the total acceleration from the equator to

Spitzbergen consequently was 224". 5. Now, fuppofing the length of the pen-

dulum at the equator to be, as M. Bouguer made it, juft 38.9949 inches, we

fhall have its length at Spitzbergen 39. 1
978 inches

;
and thence the ratio of the

femi-diameters of the earth, conlidered as an homogeneous ellipfoid, will be that

of 193.1 to 192. 1,
inftead of 183.7 to 182.7, which the acceleration 72".

7

uncorreCted would have given. And here it feem3 neceffaiy to mention feme

other miftakes of computation, inadvertently fallen into by the aftronomer, in

deducing the ratios of the femi-diameters of the earth, as ftated in the 179th

page of the Voyage to the North Pole, not hitherto noticed that I know of.

D d 2 With
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1773. I am aware that experiments with the pendulum have

not yet been made with that accuracy that the delicacy of their

nature

With the accelerations, indicated in that page as arifing from different experi-

ments, or depending on the fyftems of different philosophers, the length of the

Spitzbergen pendulum, and confequently the ratios, fhould have flood as in the

annexed table, with which it will be perceived they differ very confiderably. Sir

Isaac Newton’s ratio is placed lad, as probably differing mod from the truth.

Experiments.

Ac

From the

equator to

London.

celeration

From Lon
don to

Spitzberg.

Total.

Length

of the

Spitzberg.

pendulum.

Ratio of the

lemi diameters

of the earth.

Said to be, but erro-
II J II

In.

neoufly, SuLNewton’s
> r + 66.9 222.9 39.1964 194-5 to 193-5

Mr. Campbell’s + 76.6 232.6 39 . 2°52 186.5 to 185.5

M. Maupertuis’s + 86.5 242.5 39.2141 178.8 to 177.8

LdMuLGRAVE’scorreft. +68.5 224.5 39- 1 97 ^ 1 93. 1 to 192.

1

Sir Isaac Newton’s J s. + 3 2 -4 1 SB.

4

39.1652 230. to 229.

In this manner the lengths of the pendulum having been found for all the

latitudes where the bed or mod confident experiments had been made on its

acceleration, and thefe lengths having been fucceffively compared with each other

from Spitzbergen to the equator, 1 19 refults in the whole were produced. But as

this number comprehended the comparifons of thofe at the Cape of Good Hope and

the Ifle of France, both in fouth latitude, thefe being thrown out, as well as the

Porto Bello pendulum, and fotne few others more irregular than the red, there

remained at lad 75 refults, the arithmetical mean of which gave the ratio
\

179.047 to 178.047, as mentioned in the text.

In cafe Mr. Cumming’s machine fhould at any time hereafter be employed in

the fame fort of experiments, it may be proper to obferve, that the diameter of

the brafs ball is 3.906 inches, and its weight 63726 Troy grains. The weight

of its bulk of mercury is 106980 Troy grains. Hence the weight of mercury

is to the weight of this ball of brafs, in air of the heat of 62° of Fahrenheit,

as 1.678752 to I ;
and the weight of this brafs to air is as 7673 to 1. The

experiments for this purpofe, in which Dr. George Fordyce adided, were

made in the houfe of Mr, Alchorne, at his Majedy’s Mint in the Tower, on

the
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nature feems to require, and which at fome future period

ihould, and probably will, be undertaken on a more extended

plan, with the very bed: machines that can be condructed for

the purpofe. Many ages may elapfe before meafurements of

any confiderable portion of the furface of the earth can be

made in very high fouthern latitudes, fo as to determine, with

any tolerable degree of exadlnefs, whether the fouthern femi-

fpheroid be dmilar to the northern, fuppofing both to be figures

of revolution. But by good experiments with the pendulum

alone, eafily repeated in all latitudes, the ratio of the femi-

diimeter of the equator to the femi-axis on both fides may be

readily obtained. In the mean time I thought it might be ufe~

ful to fhew the refult of a companion of the mod confident ex-

periments of that fort, that have hitherto been made in different

latitudes, after having applied to thofe at Spitzbergen certain

corrections, which feemed neceflary, as further explained in

the note. Thus it appears, that the arithmetical mean of 75

comparifons between Spitzbergen and the equator gives the

the 8th of April and 6th of June, 1776; and the beam made ufe of, with-

15 lbs. weight in each fcale, was true to three grains.

The machine, in its prefent ftate, although better fitted for experiments than^

it was originally, fince it has a wheel added, whereby it regifters its own time,

and now goes for 12 hours without winding up, is no longer the fame that per-

formed at Spitzbergen : for in the interim of the two times it has been in my

poffeffion, the fleel rod having by accident been broken, Mr. Cumming fubfti-

tuted another, as like to the former as poffible with regard to fize, but which

will, in all probability, be fufceptible of a different expansion and contraction

from the effe&s of heat and cold. In the application of the machine, I have

xifually loaded the top of it with about 24 lbs. weight of lead, in order to render

the center of fufpenfxon as little liable to motion as poffible : yet, notwithflanding

this precaution, a pointed plummet, fufpended to the top of the frame, has a

{mail degree of counter-vibration to that of the ball, which no doubt muft pro-

duce fome effect.

ratio
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ratio of the femi-diameters formerly mentioned 1 79.047 to

178.047. On this hypothefis the arc MP fhould contain

27350 fathoms. The error on the total arc M Perpignan

amounts to 2078 fathoms. M. Bouguer’s degree at the equa-

tor being adhered to, the 45th of latitude will exceed the truth

216, and that at the equator 148 fathoms,

The ratio of the femi-diameters of the fecond ellipfoid,

which comes now to be fpoken of, has been obtained by the

comparifon of fuch meafured lengths of the degrees of the

meridian in different latitudes, as have been found to be moft

confident with each other. Our countryman, Mr. Norwood,

was the firff, of late times, who made any attempt of this

fort. But the meafurement, executed by him in the year

1633, between London and York, has no pretence to exa£l-

nefs, ftnce he himfelf tells us, that 'when he did not meafure, he

paced

l

Befides, his degree is as great, or even greater, than

that in Lapland ; and thefe are furely fufficient reafons for

rejecting it from the comparifon. The degree meafured by M.
Liesganig in latitude 45

0
57% in that part of Poland lately-

fallen to the fhare of the Emperor and annexed to Hungary,

being fo much Ihorter than degrees to the fouthward of it,

gives grounds to fufpecff, that fome error had crept into that

operation, or that the plummet had been affedled by the attrac-

tion of neighbouring mountains, and therefore is not made

ufe of on the prefent occahon. M. de la Caille’s degree at

the Cape of Good Hope, being in fouth latitude, and fo much
greater than thofe of the fame height in northern latitudes,

is improper likewife to be brought into the comparifon,

left the difference may have arifen from a diflimilarity in the

two polar fides of the ellipfoid. The degree meafured in the

north of France, compared with that in Auftria, coming out

abfurd,
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abfurd, it has been judged beft to take a mean between them
for a mean latitude. In like manner the latitudes of the two

Italian degrees differing but little from each other, a mean

length has been taken between them for a mean latitude. Ac-

cordingly the latitudes and the meafured lengths of the degrees

which, in the fecond ellipfoid, have been compared together,

will appear as underneath :

Obfervers names. Countries. Latitudes. Meafured lengths.

Bouguer, Peru, - -
O

O
/

0 — 60484.5

Mason and Dixon, Maryland, — 39 12 — 60628.5

Boscowich,

Beccari A,

Italy,

Piedmont —
43° 0'

1

44 44 Ji

43 H1

60725.5 i

L 60821.3 jJ,

60773.4

Cassini, &c. Middle of France, — 45 0 — 60777.6

Liesganig,

Cassini, &c.

Auftria, —

North of France,

48 43

1

- 49 2oJ
>49 3

{

'60839.43

_
60826.6 J

>60833.0

Maupertuis, &c. Lapland, — 66 20 — 6H94.3

Now thefe fix degrees, being fucccfiively compared with

each other, fifteen refults are thereby obtained, whereof the

arithmetical mean gives for the ratio of the femi* diameters of

the ellipfoid that of 192.483 to 191.483. By adverting to the

table, it will further appear, that the arc MP Ihould be in

length 27331 fathoms. The arc M Perpignan exceeds the

truth 1758, the 45th of latitude 180, and that at the polar

circle near 88 fathoms.

The ratio of the femi-diameters of the third ellipfoid 216.06

to 215.06 is obtained by adhering to the meafured lengths of

the degrees at the equator and polar circle. According to this

hypothefis the arc MP fhould contain 27301 fathoms. The

arc M Perpignan exceeds the truth 1288, and that at the 45th

of latitude more than 128 fathoms*

The
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The ratio of the femi-diameters of the fourth ellipfoid 222.55

to 221.55 is the fame, as may be feen by referring to the table,

with that adigned by M. Bouguer to his firft fpheroid, where

the increments to the degrees of the meridian above that at

the equator are as the fecond power or fquares of the fines

of the latitudes. It was intended chiefiv to (hew how fmall -

J

the difference is between the magnitudes and nature of the

curves of the two figures. The arc MP (hould contain 27294.

fathoms. The arc M Perpignan errs in excels 1 177 fathoms.

The 45th degree exceeds the truth 116 fathoms; and that at

the polar circle falls fhort of the meafured length 21 fathoms:

M. Bouguer’s degree at the equator being adhered to as the

fcandard.

The ratio of the femi-diameters of the fifth ellipfoid, 230

to 229, is that afligned to the earth by Sir Isaac Newton.
On this hypothefis the arc MP (hould contain 27241 fathoms.

The arc M Perpignan only exceeds the truth 202 fathoms,

becau(e the 45th degree of the meridian is here adhered to as

the (fandard length. But then the degree at the equator falls

(hort of the meafurement 102 fathoms, and that at the polar

circle 146! ; wherefore, an arc of 8"f, in the firft cafe, would

be defective 850, and in the laft 1220 fathoms.

The ratio of the femi-diameters of the (ixth ellipfoid, 310.3

to 309.3, is obtained by adhering to the meafured lengths of

the degrees at the equator and 45th of latitude. The arc

MP (hould contain 27220 fathoms. The arc M Perpignan

only exceeds the truth 131 fathoms; but on this hypothefis^

the degree at the polar circle would be defective near 217 fa-

thoms, and confequently on 8°j the error would be 1807

fathoms.

7 The
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The feventh or la ft ellipfoid, being that of the leaft flattening,

has for the ratio of its femi-diameters 540 to 539. The arc MP
fhould contain 27206 fathoms. The 45th degree of latitude

being adhered to as the ftandard, the arc M Perpignan would
only exceed the truth by 46 fathoms ; but, on the other hand,

the degree at the equator erring in excefs 124^ fathoms, and

that at the polar circle being defective near 303 ; therefore, in

the firft cafe, the error on 8°f would be 1037, and in the laft

2524 fathoms. Hence it is obvious, that the arcs of an ellip-

foid, however great or fmall the degree of its obiatenefs may
be, will not any way correfpond with the meafured portions of

the furface of the earth : for if we retain the length of M.

Bouguer’s degree at the equator as the ftandard, and make the

ellipfoid extremely flat, as in N’ 1. the figure will become too

prominent in middle latitudes, that is to fay, the curve will

rife above the real furface of the earth, and, in proportion to

the excefs of the radius, will always give degrees that exceed

the meafured length. On the contrary, if We give the ellip-

foid a fmall degree of flatnefs, as in N J

7. and adopt the mea-

fured length of the 45th degree as the ftandard, the meafured

and computed arcs will nearly agree in middle latitudes ; but at

the equator the curve will rife very confiderably above the fur-

face, and will thereby give degrees that are too great ; while at

the polar circle it will fall below it, and give degrees that are

too little in the proportion of about 1 \ to 1 compared with

the error at the equator. From all which we may conclude,

that the earth is not an ellipfoid.

The twro columns towards the right-hand of the table,

contain the arcs of two fpheroids differing from the ellipfoid.

The firft is that adopted by M. Bouguer as his firft hypo-

thecs, where the increments to the degrees of the meridian

Vol. LXXVII. £ e above
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above that at the equator follow the ratio of the fecond power

or fquares of the fines of the latitudes, and to which he has

fuited his firft table of degrees, N° 32. p. 298. This fpheroid

differs but infenfibly, as has been already mentioned, from the

fourth ellipfoid. They have both the fame femi-diameters

;

but the arcs of the fpheroid being fomewhat longer than thofe

of the ellipfoid, the former thereby becomes, in a trifling

degree, more prominent in middle latitudes. On this hypo-

thecs the arc MP fhould be in length 27295 fathoms; M Per-

pignan exceeds the meafurement 1196 fathoms; and the de-

gree at the equator being adhered to as the ftandard, the 45th

errs in excels 118, while that at the polar circle is defective

only 20 fathoms.

The fecond fpheroid is that whereon M. Bouguer founded
1

his fecond hypothefis, which fuppofes the increments to the

degrees of the meridian, above that at the equator, to follow

the ratio of the fourth power or fquared fquares of the fines of

the latitudes, and to which he has adapted his fecond table of

degrees N° 38. p. 305. It will be perceived, that the ratio of

the femi-diameters of this fpheroid, viz. 179.410 178.4 differs

little from that appertaining to the firffc ellipfoid ; but here the

curve falling confiderably within, that is to fay, being lefs pro-

minent than the ellipfoid in middle latitudes, the arcs are

thereby contra&ed in fuch a manner as to agree within 5 fa-

thoms with the meafu red length of the meridian of France, in

an extent of about 8°f , comprehended between M near Dun-

kirk, and Perpignan fituated at the bottom of the Pyrenean

mountains. By infpeCtion of the table it will further appear,

that the errors in the feveral feCtions of this arc are not only

fmall, but they are fometimes plus and fometimes minus, a>

never failing proof that, as fat as our prefent data will enable
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11s to judge, the figure here affigned to the earth, notwithftand-

ing what has been alledged to the * contrary, is exceedingly near

the truth. According to this hypothecs, the diftance MP on the

meridian of Paris, which is yet to be determined by our trigono-

metrical operations, fhould contain 27243 fathoms, being only 35
fathoms lefs than what is given by the mean of the feven different

ellipfoids, a fpacenot amounting quite to 2" of latitude. The re-

fult of the meafurement of this fpace, anfwering to an arc in the

heavens of 26' 50'' $2"' of latitude, will be a further confir-

mation, or otherwife, of the juftnefs of the theory. The
degree at the equator being adhered to as the ffandard, it will

be feen from the table, that the 45th is defective 37. 6, while

that at the polar circle errs in excefs 9.4 fathoms.

* Mr. J. Klos ter mann, Infpe&or of the Corps of Pages at St. Peterfourg,

in his manufcript Memoir, fome time fince tranfmittecl to the Royal Society, to

the Academy of Sciences at Paris, and alfo to that at Gottingen, has endea-

voured to fhew, that the French trigonometrical operations are extremely erro-

neous. It would feem, neverthelefs, that he has attempted to prove too much.

He fhould certainly have confined his criticifm to the triangles of the meridian

only, which are diflinguifhed from the others in M. Cassini’s book, by being

printed in larger charafters, without drawing conclufions from very acute angles,

which, although inferted in the general regifter, were not made ufe of in the

determination in queftion. But as the Royal Academy of Sciences will, no doubt,

vindicate the credit of their own operations, I fhall only further remark, on tho

Literary News from Gottingen (Nacbricbt aus den. Gottingifcben Anzeigen vox

gelebrten Sacben , 1 17 Stuck, 1785), which accompanied the Laid Memoir, and

where it is faid, “ That M. Bouguer’s hypothecs of the 4^ Povver fell to the

{c ground, fo foon as other degrees were meafured than thofe on which he had

“ founded it,” that I confefs myfelf to be quite of a different opinion, not

doubting, that when the comparifon is fairly drawn between this and every other

fyflem that has hitherto been fubmitted to the confideration of the public, M.

Bouguer’s will be found to be juftly entitled to the preference, which I have

here endeavoured to give it. His works fhew, that he was a man of very fuperior

abilities, eminent as a mathematician, and perhaps the belt practical one that

ever exifted.

E e 2 Befides
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Befides thefe two fpherpids of M. Bouguer, I had com-

puted the arcs of another between the two, where the incre-

ments to the degrees of the meridian were in the ratio of the

fractional power of the fines of the latitudes. Thus the

computed agreed accurately with the meafured dimenfions in

three principal parts of the earth’s circumference, namely, at

the equator, 45
0 and 66° 20' of latitude,- at the fame time that

the arc MP contained 27257 fathoms ; but the labour of com-

putation being hereby greatly augmented, and the error on the

total arc between M and Perpignan amounting to 290 fathoms

in excefs, this fyffem did not feem to me to deferve to be put

in competition with the fimplicity of that of M. Bouguer, who

indeed, for the fame reafon, preferred the fourth to the frac-

tional power ^l-iths, which he tells 11s was that which hill

came nearer the truth. In fhort, it muff be from the refults

of future operations executed in very high latitudes, and the

meafurement of degrees of longitude on the equator, that we
can hope to have fufficient authority for any correction or a

melioration of the fyftem of M. Bouguer.

Differences of longitude.

Hitherto there has been no particular reference to fome lines

at the bottom of the table, containing the computed lengths of

degrees of longitude on each hypothecs, in three different lati-

tudes, namely, the equator, 43
0 32^ and 5i°28 / 4o //

. No
meafurements of degrees of longitude, as far as I know, have

ever been executed with fufficient care and accuracy, except

that in the fouth of France, as mentioned in the 105th and

106th pages of M. Cassini’s book, which was determined by

the
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the repeated explolions of gunpowder in the open air, and
found to contain 41618 toifes, equal to 443^4.4 fathoms. Bv
attending to the table it will be feen, that the error in excels

of M. Bouguer’s theory, on the length of this degree trio-ono-

metrically meafured, amounts only to 19 fathoms, which is

little more than T ~th part of a fecond of time.

In fixed Obfervatories, where able aftronomers have been for

many years employed in repeating their obfervations of the

heavenly bodies, it feems furprifmg, that any doubt fhould

remain with regard to what is called the agronomical dif-

ference of longitude, or, in other words, the difference of time

between them
;
yet it has been alledged, that an uncertainty

of this fort exifts, even with regard to the fituation of Green-

wich and Paris, which, reckoned by its extremes, extends to

about 10 or 11 feconds, anfwering in the latitude of Green-

wich to the enormous difference in ipace of between 1600 and

1700 fathoms! But it will be conlidered as hill more won-

derful, if between two Britifh Obfervatories, Greenwich and

Oxford, which have heen long fupplied with great and coftly

inhruments of the very beft kinds, there fhould remain an

uncertainty in this refpedl of 2 or 3 feconds of time : for in

the latitude of Greenwich 3 feconds correlpond to 477, and in

that of Oxford to 474! fathoms. Thefe, however, are points

which muff be left to the refpedtive aftronomers to fettle in the

belt way they can ; and it is not to be doubted, that the Aflrono-

mer Royal will throw a new and very fatisfa&ory light on the

matter, in the Paper which he propofes about this time to lay

before the Royal Society, along with M. Cassini’s Memoir,

which, for that purpofe, has now been nearly two years in his

polfelEon*.

With,
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With regard to the trigonometrical operation (which may

he confidered as infallible, becaufe, by means of the bafe of

verification, it will prove itfelf, and if fmall errors unavoidably

arife in the courfe of a long fuite of triangles the maximum
of thefe may be always afcertained), I have no doubt that the

difhnce between Greenwich and the point P in the map
may thereby be determined to a very fmall number of fathoms,

perhaps to fifteen or fixteen on a difference of longitude of

about 2° 20
x
20", and therefore to about -^th part of a fecond

of time on each degree. This, for any ufeful purpofe, will

certainly be admitted to be fufficiently near the truth, and is

probably confiderably nearer than it will be brought for many

years to come, by a mean of the bed: obfervations of the hea-

venly bodies, if thefe fhould be found in the prefent Rate of

the matter to leave it yet doubtful to two or three feconds.

The aftronomical difference of time may likewife be ob-

tained by experiments on the inftantaneous explofion of light

;

but thefe I would propofe to be made fubfequently to the trigo-

nometrical operations. The Ration of Tatterlees
, towards the

eaftern extremity of our range of chalk hills, or fome point

near it, would feem to be the moft proper for the place of ex-

plofion, becaufe it can be feen from Bottle-hill
, on the fame

range, and nearly in the meridian of Greenwich Obfervatory.

It is not to be doubted, that Tatterlees may be feen from Fienne

Windmill
, or even perhaps from that of the Brunember

g

; fince

they are both fituations, on the continuation of the fame range

in France, the diftance being fhorter too, and little land, but

chiefly fea, intervening. Let us then fuppofe, that the two

aftronomers with their clocks and tranfit-inftruments are polled,

one at Bottle-hill, and the other at the Brunemberg
, while gun-

powder is repeatedly exploded at Tatterlees
, or while the Indian

lights
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lights are alternately exhibited, and again covered by an extin-

guifher prepared for the purpofe, which operation may be

repeated feveral times the fame evening;* it is certain, that a

juft mean being taken between the inftants fo marked by the

refpettive clocks, well regulated before-hand, the difference of

time between the two extreme ftations will thereby be ob-

tained to a very confiderable degree of accuracy, and probably

more to be relied upon than that refulting from the comparifon

of the obfervations of the heavenly bodies.

Rockets have been propofed by fome to be applied in this

way ? but even the largeft fort, carrying up too finall a body

of white light, could, I think, only be depended upon for

fhort diftances ; and fince the a&ual error of obfervation would

be the fame on a fhort as on a long diftance, remote ftations

only fhould be chofen for conclulive experiments- of this na-

ture. It is imagined, that by means of a balloon, a fet of

light-balls might be fent up of fuch a volume as to be feen,

from their great elevation in the air, at ftations very remote

from the place of explofion. The balloon would afeend with

a burning fuze attached to the firft ball, and having attained

the wifhed-for height, it might be made faft below, by

means of a cord fixed to it for the purpofe *. The firft ball, on

its explofion, would communicate fire to the fecond, and fo in

fucceffion, at intervals of time proportionable to the lengths of

* It is to be underftood r that the practicability of fattening the balloon

to the earth by means of a rope mutt be previoufly afeertained : for if that fhould

be found impoffible, without the wind forcing it down again to the ground, then it

mutt be fent up detached with burning fuzes fixed to it, of ftill greater dimenfions.

By means of thefe it is imagined, that the track of the balloon in the air might be

pointed out to the remote obfervers, who might perhaps be better er^bled

thereby to watch for. and dittinguifli the fuccefiive inttants of the burtting of the

white lights.

the
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the fazes. Thus 8 or io inftants might be marked from the

experiment of a fingle balloon, which might then be hauled

down to be reloaded for a repetition. But whatever might be the

mode adopted as the bed: for conducing experiments of this

nature, the obfervers mud: not only be very attentive and dili-

gent, but alfo quick-lighted, have their clocks nicely regulated

indeed, and the trials mud: be many times repeated before the

uncertainty, even in this way, which feems to be the bed:

mode, could be reduced to lefs than -^th part of a fecond of

time, to which it may infallibly be brought by trigonometry.

Having in this manner fliewn what probable degree of exa£f>

nefs may be expected in the various, but ufual, ways of afcer-

taining the difference of longitude between the Obfervalories

of Greenwich and Paris, and compared the refults with the

uncertainty that feems yet to exilf in this matter from the date

of adronomical obfervations ; let us next fee how Mr. Rams-
den’s indrument is likely to perform, when actually applied

to the determination in quedion, by the obferved angle be-

tween the pole dar in its eadern or wedern azimuth, and a

very remote dation, whofe didance from the indrument is

known by the feries of triangles, and didinguifhable by the

Indian lights at night, for the purpofe of this particular

obfervation.

With an indrument, carrying telefcopes fo good that the

pole dar may be feen in daylight, it is obvious, that the bi-

fefted angle between the dar in its eadern and wedern azi-

muths will give at once the polar didance of the dar, and

the true meridian of the place, as referred to any known Ra-

tions vidble at the time of obfervation. But as cloudy wea-

ther may often prevent a complete obfervation of this fort

from being obtained, and fince much time might be lod in

3 attempting
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attempting it, therefore the declination of the ftar fettled for

any particular period being accurately known *, its apparent

didance from the pole may, by the edablifhed rules, be readily

computed for any propofed day, as well as the precife times of

its greated elongations, twice in 24 hours, when in its eaderu

and wedern azimuths, at which times it will, for feveral mi-

nutes, appear, as to fenfe, ftationary or without motion, except

In altitude. Thefe are, therefore, the bed times for taking

the angle between the ftar and any particular ftation, {ince the

obfervations may be repeated frequently in the fpace of a few

minutes, or until it fhall be perceived that the ftar has again

approached towards the pole. Now, fuppofe the ftation of the

indrument to be at Tatterlees , whofe didance from the perpen-

dicular to the meridian of Greenwich, and confequently from

its parallel, is known by the trigonometrical operation. The

latitude of the dation becomes known likewife ; and let the

co-latitude be 38° 54' 20". Let us likewife fuppofe the didance

of Bottle-hill on one fide to be 44100 fathoms, equal to 43"

28". 6 of a great circle; and that of the Brunemberg on the

other to be 38250 fathoms, equal to 37' 42^.6 of a great cir-

cle; and further, that on thefe two dations the Indian lights

are exhibited for the time propofed. Now, let the angle be-

tween the meridian and Bottle-hill
,
and that between it and

the Brunemberg , be obferved by means of the pole dar corrected

for its didance for the day ; and fuppofe the fird to be 75
0 10',

* Since this Paper was written, the Aftronomer Royal has been fo obliging a*

to furnifli me with the mean diftance of the pole ftar from the pole, as fettled at

Greenwich by eight obfervations above and nine below it, made in the year

1786; whereby it appears, that the mean diftance, reduced to the beginning of

that year, was 1° 50' 8". 35; and the mean annual preceftion in declination

being 19".55, confequently, the mean diftance for the ift of January, 1787,

was i° 49' 8". 8.

Vol. LXXVII. F f and
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and the laft 125
0 f ; thus we (hall have two fpherical tri-

angles to compute, in each of which two Tides, and the con-

tained angle, are known, and one fide, viz. the co-latitude, is

common to both. Now, from thefe data, making ufe of the

half fum and half difference of the Tides, we fhall have

the angles in thefe two triangles as * underneath, and the

angle of longitude between Bottle-hill and the Brunemherg
,

equal to that at the pole, will be found to be 1
0
5f 5

6

X/
. 1

.

If from this angle wre deduct about 30" or 35", for the fpace

that the Bottle-hill feems to be to the wefcward of the meridian

of Greenwich, there will then remain i° 55'' 2i
/x

for the eaft

longitude of the Brunemherg
,

being very nearly that exprehed

in the map of the triangles which accompanies this paper.

* Bottle-hill. Brunemberg.

O / // O / //

Half difference —
5 1 25 14.05 Half difference — 26 44 12.2

Half fum —
5 2 32 25.07 Half fum — 27 32 57-3

Angle at Bottle-hill 103 57 39.12 Angle at Brunemberg 54 17 9-5

Angle at the pole — i 7 1 1.02 Angle at the pole - 48 45.1

Contained angle — 75 10 0. Contained angle - 12 5 5 °*

Sum of the three angles 180 14 50.14 Sum of the three angles 180 10 54.6

Angle of convergence 52 N>O bo 00 Angle of convergence - 37 5°«5

Excefs above 1 8o° 14 50.14 Excels above 180° — 10 54.6

Angle of longitude — 1 7 I 1.02 Angle of longitude 48 45.1

Sum of the two longitudes i° 55' 56". 12.

It is to be obferved, that the meridians, which are all parallel to each other at

the equator, on their departure from thence converge more and more as they

approach towards the pole, where the angle of convergence becomes equal to the

angle of longitude. It may alfo be remarked, that the angle of convergence,

augmented by the excefs of the three angles of the fpherical triangle above 180°,

is always equal to the angle of longitude, or that at the pole. And as this holds

univerfally in all latitudes, it affords a ready means of proving that the compu-
tations are juft.

3 As
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As far as we are enabled to judge at prefent, from the exa-

mination of the divifions of Mr. Ramsden’s inftrument,

there is every reafon to believe, that in taking angles around

the horizon, the mean of feveral repetitions of the fame angle,

as referred to different parts of the circumference of the circle,

will differ verv little from the truth, fo little indeed, that in

many cafes the error will totally vanifh. But in elevating the

telefcope towards the pole, let us fuppofe that an error of 5

feconds on each of the contained angles at ‘Tatterlees has been

committed ; and further, that even an error of 5 feconds of

latitude, equal to about 84! fathoms on the meridian, may

have been fallen into, in effimating the co-latitude (which

never can happen, but is only here admitted, to place the

example in themoftdifadvantageouscircumftances pofftble); then

whoever will give themfelves the trouble to recompute the two

triangles with thefe new data
, will find the refult in longitude

not to be varied thereby, in the firff cafe above -Jth part of a

fecond, or r
x

Tth part °f a êc°ud in time ; and in the laff not

quite 1 fecond, or -Arth part of a fecond in time. Hence I

conclude, that the beft mode of determining the differences of

longitude will be by the inftrument itfelf, applied in this way,

in taking the angles between the pole ftar and very remote

Rations, diftinguifhable at night by the help of the Indian

lights, and whofe diftance is accurately known. This method

will, it is true, be liable, as well as aftronomical obfervations,

to the imperfections of the inftrument, particularly thofe of

the telefcope, and the unavoidable error in its application ; but,

on the other hand, it will be entirely free from the irregula-

rities of clocks, and the imperfections of vifion in marking

the inftantaneous explolion of light. When both methods

have, been repeated a fufficient number of times, with all

F f 2 imaginable
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imaginable care, we fhall then, and not till then, be able to

judge to which the preference may be due. Thus five or fix

long Rations, in or nearly in the parallel of Greenwich, fuch,

for inftance, as that of Shooter’s-hill Tower, would reach

from the eaft quite to the weft of the ifland : and as a very

confiderable degree of confiftency might be expedted among the

refults for equal portions of the parallel, this method feems to

be as likely as any to furnifh data for determining the nature of

the fpheroid or figure of the earth.

Table of the degrees of the earth
, conflruffed on the hypothefs of

M. Bouguer.

Befide the table of comparifon of the arc between Green-

wich and Perpignan, which I have already endeavoured to

explain, this Paper is accompanied with another, which, as

well as the former, was originally intended folely for my own
ufe. With this view it was at firft only computed for every five

minutes of the 51ft and 53d degrees of latitude, that I might

thereby be enabled more readily to compare the longitudes and

latitudes of the refpedtive Rations in our progrefs towards the

coaft; and more particularly to fit it for operations in the foutlx

parts of England, as likely to be firft: carried into execution.

In order, however, to render it more generally ufeful, it has

ftnce been extended to every five degrees in the higher and

lower parts of the quadrant, and to every ftngle degree in inter-

mediate latitudes. The table not only contains the degrees of

the meridian and of longitude, but alfo thofe of a great circle

perpendicular to the meridian, and likewife fuch as are oblique

to it, for the other feven points of the compafs. With regard

to the conftru&ion of the table, it is only neceflary to make

fome
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Tome remarks on that column of it, which contains the fum of
the three equations, or difference between the degree of the

meridian and the correfponding degree of the great circle per-

pendicular to it, which is the mod troublefome to compute, but

muft be found before the degree of longitude can be obtained.

The firft part of M. Bouguer’s equation confifts of T
7 ths of

the difference between the degree of the meridian at the equa-

tor and that at the pole, viz. 545.12 fathoms, to be conftantly

added. Secondly, |ths of the increment of the correfponding

degree of the meridian above that at the equator, to be fub-

t rafted ; and, thirdly, -P5
ths of a third proportional to the

excefs of the degree at the pole above that at the equator as

radius, and the fine of the correfponding latitude, to be added.

Now it will be found, that this laff part of the equation 4^ ths,

if uniformly applied, would have produced abfurd refults at

the 75th degree of latitude, that is to fay, the degrees of a

great circle would there have become greater than the degree

at the pole. The equation yt^ths or |th would in like man-

ner have produced abfurd refults between the 79th and 80th

degree. Even ths will not go on further than the 85th;

and the higheft equation that will go through the whole qua-

drant, uniformly applied, muft not exceed T
8

T
0- parts of the

third proportional. M. Bouguer himfelf had found this, and

accordingly had applied the equation with a certain modifica-

tion or abatement, which neverthelefs he makes no mention of

in his book. Seeing, therefore, that the degrees of a great

circle perpendicular to the meridian differ moft from thofe of

latitude about the tropics, I have, at the 20th degree, applied

the equation yLths or parts, and made the divifor increafe

by unity for each degree of the quadrant above that point to

the pole, where it becomes T
8

T°o Parts * Below the 20th degree

the



222 Gen. Roy’s Account of a

the diviior, in like manner, increafes by unity to the equator,

where it becomes t
8

t°- parts. With refpedt to the degrees of

great circles, obliquely fituated to the meridian, they were

chiefly intended for facilitating the computations of curvature

and refraction, where, in any particular cafe, it might be-

come neceflTary to obtain, to great precifion, the relative height

of a very diftant Ration with regard to that occupied by the

inftrument : for in fuch cafes, in RriCnefs, the angle which

the line makes with the meridian fhould be attended to.

The computations * for the conftruction of this table have

been, as may eafily be judged, fufficiently laborious; but hav-

ing once begun, I was induced to go through with them, con-

ceiving that a table of this fort would be of general utility

;

and that it might be very long indeed before the refults of

future operations, yet to be undertaken in different and very

remote parts of the globe, would furnifh data for any thing

better. It mud be by the united efforts of enlightened nations,

confpiring as it were together in promoting the caufe of fci-

ence, that great objects, fuch as the determination of the

magnitude and figure of the earth, can ultimately be obtained.

Each fhould contribute to it, and all have it more or lei's in

their power, according to their particular fituation, and that
%

* Much care has been bellowed in the various computations for the con-

flru&ion of the two tables appertaining to this Paper. In the laft, which has

been the mod laborious, the differences feem to go on fo uniformly, it is hoped,

no error of any confequence will be found. Here it is proper that I fhould

mention a typical erratum in one of the tables belonging to my Paper on the

Barometer, publifhed in the LXVII. volume of Tranfa&ions, for 1777. It is in

Tab. VI. containing obfcrvations on heights near Carnarvon. In the column of

obferved height of Mercury on Moel Eilio, Auguft 4, 1775, 1 h. 7 m. P. M.
inftead of 27.7 14 read 27.214.

portion
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portion of its furface which has fallen to their fhare in the

general diftribution of things.

Under the aufpices, and immediately under the eye, of a

Sovereign who loves and cherilhes the lciences, much may be

done within the limits of the Britilh iflands, which, reckoning

from Eaftnefs in Suffolk to the weftern parts of Kerry in Ire-

land, contain near 12 degrees of longitude; and counting from

the Channel on the fouth to the Orkney iflands only on the

north about 9 degrees of latitude. With this general purpofe

in view, and at the fame time to lay the beft foundation for the

furvey of the Britifh iflands, I would propofe, as the opera-

tions preferably to be executed, that feriefes of triangles fhould

be extended along different meridians, particularly thofe of the

chief Obfervatories, and of fome remarkable hills in the central

parts of the ifland, till they fall into the fea on the fouth and

north ; and that, acrofs thefe, a great number of feriefes, in

the parallels likewife of the chief Obfervatories, and of re-

markable hills or eminencies, fhould be extended from the eafl

to the weft coaft. The Wrekin-hill
, on the eaftern fkirt of

Shropfhire, feems to be an eligible point, being in a central

fituation, fufficiently confpicuous, and yet not fo high as to

render the frequent accefs to it very inconvenient. If it fhould

be found, that longitudes may be determined by the inftru-

ment to the degree of accuracy which is expected, and that

it may likewife be advantageoufly applied, independently of

the zenith feftor, in tracing any parallel whofe latitude has been

already ascertained, or the parallel of any remarkable point,

whofe meridian is known, but not its latitude; then the num-

ber of thefe parallelferiefes cannot be too much multiplied : for

a great many of thefe operations executed with due care would

abfolutely



224 Gen* Roy’s decount of a

nbfolutely give the figure of the earth, fince the fhortefi:

difiance from the furface to its axis would thereby be

obtained.

The Britifh dominions in the Eafi-Indies offer a feene parti-

cularly favourable for the meafurement of five degrees of lati-

tude on the coaft of Choromandel, as has been noticed by

Mr. Dalrymple, F. R. S. in his Paper on the Marine Survey

of that Coafi. Two degrees of longitude, at each extremity

of this arc, fiiould likewife be meafured.

The plains of Bengal, directly under the northern tropic,

afford another fituation where it would be of great confequence

to determine the lengths of a degree or two of latitude, and

as many of longitude. Thefe two operations could not fail to

be patronifed by the Eafi-lndia Company, who fhould defray

the expence ; fince, whatever tended fo much to the improve-

ment of fcience in general, and fo diredtly to that of naviga-

tion in particular, mult be thought important to a Body of

Merchants, whofe power, as well as opulence, ftand at this day

unequalled in the mercantile hiffory of the world.

But there is one operation yet to be mentioned that would

contribute more than any other to the determination of the

figure of the earth, which is, the accurate meafurement of fome

degrees of longitude on the equator ; becaufe thereby the

length of its femi-diameter would be immediately known,

which hitherto has only been theoretically computed from the

meafured portions of the meridian. The Portuguefe feem to

be poffeffed of the moil advantageous fituation yet known on

the globe for that purpofe : for M. de la Condamine has

told us, that at the mouth of the river of Amazons, near the

fort of Macapa , in three minutes north latitude, there are

5 extenfive
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extenfive open plains where an operation of this fort would not

have been fo difficult as was at firft imagined, when he pro-

pofed the fcheme to the Academy of Sciences, a year before

the voyage to Quito was thought of. Had this been adopted

as the fcene of their operations, inffead of that elevated

valley comprehended between the lofty ranges of the

Andes
, the bufinefs would have been much fooner accom-

plifhed, with infinitely lefs labour and fatigue, and ftill more

fatisfaCtorily, fince degrees of longitude as well as of latitude

would probably have been meafured. Here then the Porfcu-

guefe ffiould determine the length of two or more degrees of

longitude, and as many of latitude, by way of proof or cor-

rection of the Peruvian obfervations. A well conduced ope-

ration of this kind could not fail to add to the celebrity of a

nation who, by their dilcovery of the new world in the well,

and having opened the route by the Cape of Good Hope to the

eaffern fide of the globe, may be confidered as the founders of

modern navigation.

With regard to operations in high northern latitudes, which

would doubtlefs be of great importance, the Ruffian Empire

muff; certainly afford a variety of lituations, more or lefs diffi-

cult, for the purpofe ; and an Emprefs who commands fo great

a proportion of that region of the world, where it is faid ex-

ploratory difeoveries are at prelent carrying on by her order,

can fcarcely be fuppofed to fufter a reign, otherwile fo bril-

liant, to expire, without directing lomething of this fort to be

executed under the polar circle, or as near to the pole as the

feverity of the climate will permit, by way of confirmation or

correction of the Lapland mealurement, which yet (lands

lingle and by itfelf, without any collateral proof of its exaCt-

nefs. If fuch operations as thole I have fuggeffed towards the

Vol. LXXV1I. G g clofe
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clofe of this Paper were well executed in different parts of the

world, little would then remain to be done towards the deter-

mination of the magnitude and figure of the earth, except

multiplying, as much as poffible, experiments with the fame

pendulums from the equator to very high fouthern and northern

latitudes, that fome judgement might thereby be formed of

the fimilarity, or otherwife, of the two polar fides of the

fpheroid.

WILL. ROY.
leb. 22, 1787.

ERRATA.
In the Second Table fubjoined to this Paper, page 228, under the head

“ Degrees of Longitude,” in the column of the length of each degree

in fathoms, 1 . 24. from the bottom, (being that which anfwers to the Latitude

of Greenwich) for 38161.69 read 38164.00; and in the next column of

differences, 1. 25. from the bottom, for 53.13 read 50.82 ; and the next line

below, for 16.12 read 18.43.

In the Map of the Triangles, for Selsby read Selsey.

la the Firfl Table, p. 227. the laft line of the laft column but one, for 38161.7
read 38164.0.

V Comparifon
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Companion of the obferved length of

CELESTIAL ARC
Comprehended between the parallels of Greenwich and Perpignan.

the celeftial arc ot the meridian, comprehended between the pa rallels of Greenwich and Perpignan, with the meafured and computed lengths of the correl'ponding terreftrial arc between thefe parallels.

'

T i R R E S
'

* “

Places of Obfervation.

1 Perpignan —
- Greenwich and M—
f Point M near Dunkirk

1 Perpignan -

Point M and Paris

f Paris Royal Obfervatory

3

1

Perpignan —
Paris and Bourges

f Bourges —
Perpignan —
Bourges and Rodes *

|
Rodes —

^ 1 Perpignan —

Latitudes.

0 1-

5 ' 2840 OO
42 4152 00
MP —
5 ' I 49 8

42 4 ' 52 - 0

48 5° 14 00
42 4 ' 52 00

47 5 4 41

42 4 ' 52 oc

44 21 '3 36
42 4 1 52 00

Differences of latitudes

or celeltial arcs.

Deg.Min.&c.

8

diff.c

8

diff.

6

diff. 1

}
4

diff. 2

f Semi-diameter of the equator
" Semi-axis between the poles -
Ratio of the femi-diameters —
Difference of the logarithms of the ratio

Some r Equator —
other

J
Degrees of the I 45th - m

fillet rr* a ri/lion n. .u - I 440

48 00
I

5° 5 2

S 7
j

8

35
(

8

22 00
I

919

1241

5

2
1

'36

I

Dec.

parts

78

4475

332s

93

' 394 :

7S 2S

3869

6309

656

R R C.

Meafured

Arc.

Farhorps.

chief

proper

ties.

meridian at the] 66° 20'

Pole — —
Excefs of the degree of the meridian at the pole, 1

above that at the equator - - J

Degree, of Ion-/

,

~
giiude at rhe i 43J*/on‘h °f France

5 1 28 40 Greenwich -

506499.

' 334 ' 7 -

373082.

106564.

266518.

166009.

100509.

Computed arc on different hypothefes.

Suppofing the earth to

be a fphere.

Fathoms. Error,

Suppofing the Earth to be an oblate ellipfoid.

534343 -

27235-

507108.

I 33467 -

37364 '-

106658.

2669S3.

166200.

100783.

3486975
3486975

+ 609! +
+ 5°

+ 559

+ 94
j,

+ 465

+ T 9 '

+ 274j

60484.^

60777.6
61194.3

60859.1
60859.1
60859.1

60859.1

00000.0

44354-4

60859.1

44 ' 2'-3

37904 2

Error.

+ 374-6
+ 81.5
- 335-2

Fathoms. Error.

535927 -

2735°-

5°8577 -

' 33934 -

374603.

107007.

267596.

166620.

100976.

35°4545
3484973
179.047 to

O.OO24323

60484-5

60993.4
61342.3

61509.3

1024.8

-233.1
61165.8

4446 1 .

2

38225 9

+ 2078]

+ 5'7

+ IJ2 I

+ 443

+ 1078

+ 420

+ 467^

19572

178 047

Error.

0.0

+215.8
+ 148.0

-f- 106.8

Fathoms. Error.

535588 .

2733 '-

508257.

'34038.

374374 -

106937.

267437.

166518.

100919.

3501802
3483608
>92.483 to

0.0022622

60484.5

60957.7
61281.9

61437.'

952.6

61 1 17.9

44430.4
38181.3

+ 17581

+ 621

+ 1292

+ 373 <5

+ 918 +
+ 5°9

+ 4 '°_

J
‘8194

191.483

Error.

00
+ 180.1

+ 87.6

+ 76.0

Fathoms. Error,

535088.

27301.

507787-

' 33747 -

374040 .

106834.

267206.

166370.

100836.

3497814
3481624
216.06 to

0.0020148

60484.5.

60905.9
61194.3
61332.2

847.7

61048.5

44355-7
38130.1

+ 12881

+ 33°

+ 958

+ 270 >

+ 688

+ 36'

+ 327J

j
16190

215.0S

Error.

0.0

+ 128.3
0.0

Fathoms. Error,

534970 .

27294.

507676.

' 337 ‘ 5 -

37396 i.

106810.

267151.

166334.

100817.

3496934
3481221
222.55 to

0.0019558

60484.5
60893.5
61173.4
61308.4

823.9

61032.0

44341.7
38117.7

+ " 77 l

+ 298

+ 879

+ 246 }• i
+ 633 +

+ 325

+ 308

' 57 1 3

221.55

Error.

+ II 5-9
— 20 9

— 12.7

Fathoms. Error.

533942 .

27241.

506701.

' 33454 -

373247 -

106605.

266642.

166017.

100625.

3489949
3474775
230. to 229
0.0018924

60382.6

60911.1

44250.1

37978.7

2021

37

'55

4* V 3-

124

8

1 16J

' 5 1 74

Error.

— 101.9

0.0

- 146.5

- 104.3

Fathoms. Error.

533860.

27230/

506630.

133412.

373218.

106582.

266636.

166005.

100631.

3487954
3476718
310.3 to

0.001401s

60484.5

60777.6

60977.7
61073.0

588.5

60876.2

44213.4

37989-9

+ '30

- 5

+ 136

+ '8 I

+ I l8

- 4

+ 122J

• 11236

309-3

Error.

0.0

0.0

— 216.6

- 141.0

Fathoms. Error.

53375 1 •

27206.

506545-

133360-

373185-

106555.

266630.

165991.

100639.

3485542
3479087
54° "> 539
0.0008050

60609 o

60777.6
60891.6

60947.0

338-0

60834.1

44141.9

37932-4

+ 461

- 57

+ '03

- 9

+ 1 12

- 18

+ 130

}
6455

Error.

+ 12+5
0.0

+ 302.7

- 212.5

Suppofing the earth to he a fphcroid differing from
the ellipfoid.

More prominent in middle

latitudes than the ellip-

foid.

Lefs prominent in middle
latitudes than the ellipfoid

of the fame femi-diameters.

Fathoms.

534997 -

27296.

507701.

133722.

373979 -

106815.

267164.

166342.

100822.

3496934
3481221
222.55 to

0.0019558

60484.5
60896.5

61175.7
61308.5

824.0

Error.

+ I202I

+ 3°5

+ 897

+ 251 7

+ 646

+ 333

+ 3 '

3

J

Fathoms.

533737 -

27243.

506494.

' 33438 -

373°56 -

106570.

266486.

165928.

100558.

' 57'3

221.55.

61033.0

4434'.

8

38117.2

Error.

0.0

+ 118.9
- 18.6

— 12.6

3496740
3477210
179.4 to

0.0024274

60484.5
60740.0
61203.7
61506.6

Error.

~ s
i

+21

—26

+ 6>d
-

32

-81

+ 49J

19530

178.4

Error.

0.0

—37-6
+ 9-4

61029.6

44373-5
38161.7

+ 19-1

H h
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Gen. Roy’s Account of a propofed trigonometrical Operation.

2 lS

Table of the degrees of the Earth mOraM« > 1“ •of"** « *""**«*
” h“

T,“"
of^helalutd

“

f ** *"• "* “ *• «**" **” ™» of the 4th power, or^
Latitudes.

Paris

5
10

1 5

20

25

30

35
40

41
42

43
44
45
46
47
48
48

49
5°

50
50
5°
5°
5°
.5°

5°
5° 4°

5°
5050
5°
5>

5' 5

51 10

5o

45

5'

5>

S'
Greenwich 51

5 1

5'

5'

5145
5 r 5°

53
54
55

5 (>

S'
58

Equal to deg. ,

f lo ig. ou
' 58

lie equator. J

59
bo

42

6
S

7°

75
80

*5

9°

40

*4

Lengths of degrees

of the meridian in

fathoms.

[60484.50

I60484.56
60485.43
60489.08

,60498.49
60517.1

1

I60548.38

|

6°595- i 3

I60658.99

60673.85
60689.4O

60705 62

60722.50
6O74O.O2

60758.17

60776.92
60796.24
60812.83
60816.10

60836.47

60838.19

60839.92
60841.64

60843.37
60845.1

1

60846.84
60848.58

60850.32
60852.07
60853.82

60855.57
60857.32

60859.O8
60860 84
60862.61

60864.37
60866. 14
60867.44
60867.92
60869.69
60871.47

60873.25
60875.O4
60876.82
60878.61

47-4

o

60900.30
60922.35
60944.70
60967.33
60990.1b

&1013.16

61029.62

61036.27

61059.43

61174.10

61203.75

61281.46

61374.25

61445.89
61491.13
'61506.60

Diff.

0.06

0.87

3

-

65
9.41

18.62

3 >* 2 7

46.75
63.86

14.86

15 55
16.22

16.88

17.52

18.15

18.75

19.32

16.59

3'37

20.37

1.72

1.73

1.72

•73
1-74

i-73

1.74

1.74

i-75

1-75
i-75

i-75

1.76

1.76
1 -77

1.76

1 77
1 20

0.48

1.77

1.78

4

-

78

’79
1.78

1 -79

21.69

22.05

22.35
22.63

22.83
23.00
16.46

6.65

23.16

1 14.67

29.65

77-71

92.79
71.64

45.24

‘5-47

Incre-

ments

above the

deg. at tlie

equator.

0.00

0.06

0.93

4-58

13-99
32.61

63.88

1 10.63

174.49

Diff. between

:leg. of tlie mer.

and deg. of great

circles jperp. to

the mer. or fum
of die three

equations.

189.35

204.90
22 J.I 2

238.OO

255-52

273.67

292.42

3”-74
328.33
33L60
351.97

353.69

355-4*

357-H
358.87
360.61

362.34
264.08

365.82

367-57

369.32
37i°7
372.82

374-58
376.34
378.11

379-87
381.64

382.94

383-42
3«5-'9

386.97

388.75

39°-54

392 32

394.11

415.80

437.85
460.20

482.83
505.66

528.66

545 - 1 *

552-77

574-93

68960

719.25

796.96

889.75

961.39
1006.63

545- '*

547.01

55
‘-J 7

559 64
566.51

568.54

56315
547-54
519.87

512-74
505.14
497.02
488.4O

479.28

469.64

459-55
449.00

439-77

437-93
426.52

425-56

4*4-57
4* 3-59
422.64
421.66

420.67

419.68
418.68

417.72
416.71

415-70

414.70

413.68
412.69
411.70
410.68

409.66

408.90
408.63
407.61

406.57

405.59
404-54
403 51

402.48

389.88

376.96

363-75
350.26

336-53
322.60

3'2-59

308.51

294.29

Degrees of great

circles perpendicu-

lar to the meridian.

61029.62

61031.57

61037.20

61048.72

61065.00

61085.65

61111.53

61 142.67

61 178.86

6n86, 59
61194.54
61202.64

61210.90

61219.30

61227.81

61236.47 ,

61245.24 <

61252.60 /

61254.03
6 1262 99

61263.75

61264.49

61272.02 1

61272.76 s

6
f*75-53 1

61274.31 i

61275.05

61275.80
6 1 276.34
61276 55
61277.30
61278.04

61278.84

61279.58

61280.33
61281.09

222.60

*°3-75

153-70

92.71

45*3®
12.47

0.00

61290.18

61299.31

61308.45 (

61317-59 {

61326.69 t

*

i
}

61335-76

61342.21

61344.78

61353-72
}

}
61396.70

j
61407.50

^
61435.16

,

61466.96 f

61491.27 (

61503.60 {

61506.60 ‘

Degrees of great circles oblique to the meridian, the differences between the meridional degrees, and thofe of great circlet
perpendicular to them, being in the ratio of the fquares of the fines of obliquity.

}uuuif.ify ->

61265.23 {
61266.01 f

61266.77

61267.51

61268.26

61269.00

61269.79

61270.53

61271.27

}

I

Diff.

i-95

5-

63
11.52

16.28

20.65

25.78
3i-i4

36.19

7-73

7-95
8.10

8.26

8.40

8.51

8.66

8.77

7-36

1-

43
8.96

0.76

0.74

0.74
0.78

0.76

0.74
0-75

0.74
o.79

0.74

0.74

0.75

o-74

0.7
o

0.74

0.75
o-54
0.21

o-75

0.74
0.80

0.74

°-75
0.76

9.09

9 '3

9.14

9.14
9.10

9-°7

6-

45

2-

57

8.94

42.98

10 80

27.89

31.80

*4 -
3

1

12 33

3-

oo

>-77

1.78

Diff.

20.75
20.82
21.00

21.30
21.56
2 1.

1

21-43
20.84
I 9-7 8

64 6

18.92

18.59

7 points

=78 }•

61008.87

61010.75
61016.20

61027.42
61043.44
' 1064.01

61090.10
61 121.83
61 159.0S

19.51 61167.08

19.23 61175.31
61 183.72
61 192.31

18.24 61201.06
17.8b 161209.95

17 49 '61218.98

17.09 '61228. 15
16.74 61235.8b

61237.36
61246.76

Diff.

59.08

59-29
59-8°
60.66

61.40
61.62

61.04

59-35

5 6 -35

60949.79
6095 1.46

60956 40
60966.76
60982.04
61002.39
61029.06
61062.48
61 102.73

16.67

16.23

16.20

16.16

16.12

16.09

16.05

16.01

! 5-97

15-93

61247.55
61248.33
61249.1

1

61249.92
61250.72
61251.50
61252.29
61253.07

15.90 6x253 89

15.86

15.82

61254.67
61255.45

15.78 61256.24

! 5-74
15.71

15.67

61257.02
61257.82
61258.64

15.63 61259.42

15-59
J 5 -56

!5-55
15-51

• 5-47
' 5-44
15.40

6x260.21

61260.78
61261.00

61261.79
61262.57
61263.40
61264.18

15.36 61264.97

15-3* 61265.77

14.84 6

14-35

13.84
J 3-33
12.81

12.28

11.

11.20

*47

7-75 6

us.
i-73

0.47
0.00

1*75-34
61284.96
61294 61

61304.26
61313.88
61323.48

11 90 61330.31

74 6 I333-04

61342.52

61388.23

1 399-75

61429.31

61463.43
61489.54
61503.12
61506.60

55-58

54-75
53- s 7

5*-93

5 1 -95

5O qO

49 81

48.66

47-66

47-46 6

46.23

46.12

46.02
45-9i

45.80

45-7°

45.60

45-49

45 38

45.27

45-17
45.06

44-95

6 points

=67 i.

Diff.

61 1 1 1.50

bi 120.5b
61 129.85

61139.38
61 149.11

61159.05
61 169.17

61179 49
61 188.20

1 189.90

61200.53

;6i20i.43

61202.31

61203 20
61204.12

61205 02

61205.90
61206.80

61207.69
61208.62

61209.50
61210.39
61211.29

44.84 6

44-73
44.62

44.51

44.40

44-32

44.29
44.18

44.07

43-95
43.84 6

43-73
43.62

42.26
40.86

39-43
37-96

36-47

34-9 6

33-88

33-44
31.90

13 624.1

22.09

16.66

10.05

4.92

36 61

0.00

11212.18

61213.09
61214 02

61214 91
61215.81

61216.46
61216.71
61217.61
61218.50

61219.45
61220.34
61221.24

61222.15

88.43

88,73

89.51

9° 87

91.90

92.24

9 1 -35

88. 81

s4-33

60S61.36 !l04-20 60757.16 104.40
60862.73 104.66 60758.07 '104.67

60866.89 105.57

60875.89 107.63

60890 14 108.39

60910.15 108.77

60937.71 107.75

60973.67 104.77

61018.40 99.48

83.17

81,94
So.61

79-*3

77-74
76.18

.74-55

72.84

71-34
71.04

69 19

66.03

68.87

68.71

68 56
68.40

68.23 6

68.08
'

6,. 92

67 76

67-59

67-43

67.27

5 points

=56-4.
Diff. 4 po"? Diff.— 45

3 points

= 33°i-

61628.33
61038.62

61049.24
61060.1 j

61071 37
1

61082.87
j

61094 62

61 106.65

61 1 16.86

61 1 18 86

61131-34!

98.1

1

96.65
95-n

93-45
9171
89-87

87-93
85.91

84.15
83.80

81.61

61132 40

61133.44

61134.49
61135.5b
61 136.62

61137.67

61138.72

61139.77
61140.8b

61 141.91

61 142.96
61 144.02

60652.76

, -t 60653.40
60761.32 IO5.58 60655.74
60768.26 IO6.44 60661.82
60781.75 ! io8.40 60673.35
60801.38 108.79 60692.59
60829.96 107.76 60722.20
60S68. 90 104.77 '0764.13
60918.92) 9947 60819.45

[ 60832.11

> 60S45.32
> 60859.03

; 60873.25

60887.95
> 60903.14

!
60918.76

60934.83
60948.57

60951.27
60968.12

60930 22

60941.97
60954.13
60966.70

60979 66

60993.00
61006.69

61020.74
61032.71

61035.06

61049.73

Diff.

Degrees of longitude.

8S.43 60564.33
88.73j60564.67
89.51 60566.23
90.78 ,60571.04
91.90 ,60581.45
92.22 60600.37

60630.85

60675.32

60735.12

67.11 61145,07
66 94 61146 if

61147 *3

61148.29
61 149-36

61150.13

61150 41

61 1 51.40

6 II 52-55

06.79
66.62

66.4.

66.33

66.29

66.12

65 95
65.80 61153 65

65.62

65.29

61233.08
61244.10
61255.18
61266.30
61277.41
61288.32

61296.43

61299.60
61310.62

63.24 6

61 14 6

59.00
56.82 6

54-59 6

5*-33 6

6115472
65.46 61155.78

61 156.86

1 16984
1182.96

61196.18

1209-48
1222.8a

11236.19

50.70 61245.73

50.05 61249.55

47.74 161262.88

1364.10

61377.66

61412.65
6i453.38

61484.62
1501.77

61506.60

36.11 61327.99

33-°5 61344.61

24.93 61387.72
13-04,61438.34

7 36,61477.26
2.02 '61499 75
0.00 [61506.60

81 43 61050.97
81.23 61052, 21
81 00 61053.43

'

80.87 61054 69
80.68 61055 04
80.50 ,61057 17
So 30 [61058.42
80.1 1 6105 .66

79-93

79-74

79 54
79-35

79-15
78 96
78.77

78 5»

78-39
78 24
78.18

78.00

77.79 6

77-60 6

77-4i

77.21
77-or

74.60
72.13

69.60 6

67.02

64.39
61.73

59-82

59-03
56.31

61060.93
6106217
61063.42
61064.67

81.43
81.24

81.05

80.87

80.68

80.49

80 20

80.1

1

79-93

60969.54
60970.97
60972.38
60973.82

60975.26
6' 976.68
60978.12

60979-55
60981.00

79.73 60982.44
60983.88

60985.32
79-54

79-35

61065.92
61067.19
61068.4b

61069.71

61070.97
61071-89
61072-24

61073.49
1074.76
1076.05

61077.31

61078.57
61079.85

61095.24
61 1 10.83

1126.58

6 1 142.46

61158.43
61 174.4b

61 185-91

61 190.52
61206.57

42-59 61285.40

38.98 61305.63

29.41 61358.31
17.74 61420.60
8.68 ',61468. 58
2.38 61497.37
0.00 |6i 506.60

79-15
78-97

7878
78.58

78-39

78 24
78.19

77-99
77.80

77.61

77-4i

77.20

77.01

60986.77
60988.22
60989.68

60991.13
60992.58
60992.65

60994.05
60995.50
60990.96
60998.44
60999.90
61001.37
6x002.84

74.60 6

72-13
69.61

67.02

64.40

61.73 6

59.81

59 °3 6
56.30

9 i -35
88.81

84-3 3

83-17

81.94
80.62

79-*3

77-74
76.19

74-54
72 84

71-34
71.04

69.19

69.02

68.87

68.71

68.56

68.40

68.23
68.08

67.92

67.76

67.59

^7-43
67.27

60748.94
60763.28

60778.41

60794.02
60810.21

60826.95
60844.22
60861 99
60877.23
60880.23

60898.93

60900 51
60902.10

60903.67
60905.26
60906.86

90908.45
60910.04
6091 1.63

60913.24
60914.85
60916.45
60918.05

67.1

1

66.94
66.78

66.62

66
4S

66.29
66. i2

^5-95
65.80

65.62

65.46

65.29

Latitudes,

60919.66
60921.28
60922.90
60924.51
60926.13

60927-32
60927.76

60929- 38

60931.01

60932.64
60934.28
60935.91

60937.55

1020.64

61038.70

61056.97

61075.44
61094.03
‘UI 2.73

61126.10

II 31-49
61150.27

42.59 61242.81

38.99 61266.64

29.41 61328.90

17.73 61402.87
8 68 61459.90
2.39 61494.98
o 00 ,61506.60

63.24
61.15

59.00

56 82

54-59
52.33

50.70

50.04

47.74 6

36.11

7
- 36

2*02

60957.40

60977.55
60997.97
61018.62

61039.44
61060.40

61075.40

61081.45
HO2.53

61206.70

33.05 61233.39

24.93 61303.97

15.04 61387.83

61452.54
61492.96

0.00 161506.60

30034.22 1

38765.72 <

38697.15 (
go’g'

SB
*221 1 68.

f

44-*4 60874.82 38490.90 {

44-62 60878.28 38353.03
\

,

44.5r60880.oo 38283.97 {
,9-

44.40 60881.73 38214.82
\

9-15

44.32 60883.00 38161.69 {
’?' 3

44-29 60883.47 38145-57 ( ll’Vt
44

*

l8 60885.20 38076.24 {
,9*33

44.07 60886.94 38006.83 |
,9*4*

43.95 60888.69 37937.34 1 6^'f9
43-84 60890.44 37867.77

|
9-S7

43-73 60892.18 37798.12
j
> 5

43.62 60893.93 37728.4O J

l 843.O5
42.26 60915.14 36885.35 J

g
40.85 60936.70 36030.83 { 54-S-

2n.A7 fioncR.e. 35165.08 (
g

33 88 61041.52 31856.42
|

a6i>ja

33.4461048.OI 31594.90 1 _,0..
31.90 61070.63 30676.86 t 9'°.°4—

} 47 *9-49
24.1361182.57 *5947-37

‘

I297 4g

22.09 61211.5c 24649.89 J

2637.83
16.62 61287.3c 21012.06 \

9-55 61377-78 15908.82
|

-5 '°|^4

4 92 61447.62 10677.85 9 S33 97

^ 3
oo!oo f S36040

1
//

c O
-

1

K -

1

|

2C -

2< ~

3C
-

35 -

4C -

4 ' - _

42 - -

4: — -

44 -

45 -

46 -

47 - -
48 _

Paris 48 5c 14

49 —

50 -

5° 5 _

5° IO -
50 '5 -

50 20 —

5° *5 -
5° 3° -

5° 35
50 40 -

S°45 -

5° 5°
50 55 —

5 ' c O

51 5 _
5 1 IO —
51 15 -

5 ‘ 20 _
Si 25

Greenwich 5

1

28 40
5 * 30
5 '

35 -
5 ' 40 -
5 ‘

45 -
51 5° -

5 i
55 -

52 O O
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XX. An Account oj Three Volcanos in the Moon. By William

Herfchel, LL.D. F.R.S. ; communicated by Sir Jofeph Banks,

Bart . P. R. S.

Read April 26, 1787.

I
T will be necefiary to fay a few words by way of intro-

du£tion to the account 1 have to give of fome appearances

upon the moon, which I perceived the 19th and 20th of this

month. The phenomena of nature, efpecially thofe that fall

under the infpe&ion of the aftronomer, are to be viewed, not

only with the ufual attention to facts as they occur, but with

the eye of reafon and experience. In this we are however not

allowed to depart from plain appearances ; though their origin

and fignification fhould be indicated by the moft charadterifing

fexitures. Thus, when we fee, on the furface of the moon, a

great number of elevations, from half a mile to a mile and an

half in height, we are ftri&ly intitled to call them moun-

tains ; but, when we attend to their particular fhape, in which

many of them referable the craters of our volcanos, and

thence argue, that they owe their origin to the fame caufe

which has modelled many of thefe, we may be faid to fee by

analogy, or with the eye of reafon. ;Now, in this latter cafe,

though it may be convenient, in fpeaking of phenomena, to

ufe expreffions that can only be juftified by reafoning upon the

fa&s themfelves, it will certainly be the fafeft way not to

negledt a full defcriptiou of them, that it may appear to others

K k how
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how far we have been authorized to ufe the mental eye. This

being premiled, I may fafely proceed to give my obfervations.

April 19, 1787, 1 o h. 36'' fidereal time.

1 perceive three volcanos in different places of the dark part

of the new moon. Two of them are either already nearly

extinCt, or otherwife in a irate of going to break out; which

perhaps may be decided next lunation. The third flaews ail

actual eruption of fire, or luminous matter. I meafured the

diftance of the crater from the northern limb of the moon, and

found it f 57", 3. Its light is much brighter than the nu-
/

cleus of the comet which M. Mechain difcovered at Paris the

10th of this month.

April 20, >787, 10 h. 2
/
fidereal time.

The volcano burns with greater violence than lad; night.

I believe its diameter cannot be lefs than 3", by comparing it

with that of the Georgian planet ; as Jupiter was near at hand,

I turned the telelcope to his third fatellite, and effimated the

diameter of the burning part of the volcano to be equal to

at lead twice that of the fatellite. Hence we may compute

that the Alining; or burning: matter mud be above three miles in

diameter. It is of an irregular round figure, and very fharply

defined on the edges. The other two volcanos are much
farther towards the center of the moon, and refemble large,

pretty faint nebulae, that are gradually much brighter in the

middle; but no well defined luminous fpot can be difcerned in

them. Thefe three fpots are plainly to be didinguifhed from .

the red of the marks upon the moon ; for the reflection of the

4 fun’s
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fun’s rays from the earth is, in its prefent fituation, fuffi-

ciently bright, with a ten-feet refle&or, to fhew the moon's

fpots, even the darkeb of them : nor did I perceive any fimi-

lar phenomena lad; lunation, though I then viewed the fame

places with the fame inbrument.

The appearance of what I have called the actual fire or

eruption of a volcano, exactly refembled a fmall piece of

burning charcoal, when it is covered by a very thin coat of

white afhes, which frequently adhere to it when it has been

fome time ignited; and it had a degree of brightnefs, about as

brong as that with which fucli a coal wrould be feen to glow

in faint daylight.

All the adjacent parts of the volcanic mountain feemed to be

faintly illuminated by the eruption, and were gradually more

obfcure as they lay at a greater dibance from the crater.

This eruption refembled much that which I faw on the 4th

of May, in the year 1783; an account of which, with many

remarkable particulars relating to volcanic mountains in the

moon, I fhall take an early opportunity of communicating to

this Society. It differed, however, condderably in magnitude

and brightnefs; for the volcano of the year 1783, though

much brighter than that which is now burning, was not nearly

fo large in the dimendons of its eruption : The former feen in

the telefcope refembled a bar of the fourth magnitude as it

appears to the natural eye; this, on the contrary, fhews a

vidble difk of luminous matter, very different from the fpark-

ling brightnefs of bar-light.

WILLIAM HERSCHEL.
Slough near Windfor,

April 21, 1787.

P. s.
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P.S. M. Mechain having favoured me with an account of the

difeovery of his comet, I looked for it among the Pleiades,

fuppofing its track fince the 10th of this month to lie that

way ; and faw it April 19th, at 10 h. io
/
fidereal time, when it

preceded Fl. d Pleiadum about 54" in time, with nearly the

fame declination as that ftar ; but no great accuracy was at-

tempted in the determination of its place. As I have men-

tioned the comet in a foregoing paragraph of this Paper, I

thought it proper here to add my obfervation of it. “ The
“ comet is nearly round, with a fmall tail towards the north

“ following part ; the chevelure extends to about four or five

“ minutes ; and it has a central, very fmall, ill-defined nu-

* “ cleus, of no great brightnefs.”

END OF PART I. OF VOL. LXXVII.
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TRANSACTIONS.

xxr. An Experiment to determine the Effedl of extirpating one

Ovarium upon the Number of Voung produced. By John.

Hunter, Efj. F. R. S.

Read March 22, 1787.

I
N all animals of diftintt fex, the females, thofe of the bird

kind excepted, have, I believe, two ovaria, and of collide

the oviducts are in pairs.

By diftinft fex I mean when the parts deftined to the

purpofes of generation are of two kinds, each kind appro-

priated to an individual of each fpecies, diftinguifhed by the

Vol. LXXV1I. M m appel-
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appellation of male and female, and equally neceftary to the

propagation of the animal ; the tefticles, with their appen-

dages, conftituting the male; the ovaria, and their appendages,

the female fex.

As the ovaria are the organs which, on the part of the

female, furnifh what is neceftary towards the production of

the third, or young animal ; and as females appear to have a-

limited portion of the middle ftage of life allotted for that

purpofe; it becomes a queftion, whether thofe organs are worn

out by repeated adls of propagation
; or whether there is not a

natural and conftitutional period to that power on their part,

even if fuch power has never been exerted ? If we confider

this fubjedt in every view, taking the human fpecies as an

example, we fhall difeover that circumftances, either local or

conftitutional, may be capable of extinguifhing in the female

the faculty of propagation. Thus we may obferve when a

woman begins to breed at an early period, as at fifteen, and

has her children fa ft, that fhe feldom breeds longer than the

age of thirty or thirty-five ; therefore we may fuppofe, either

that the parts are then worn out, or that the breeding confti-

tution is over. If a woman begins later, as at twenty or

twenty-five, fhe may continue to breed to the age of forty or

more ; and there are, now and then, inftances of women, who,

not having conceived before, have had children as late in life as

at fifty years or upwards. After that, few women breed, even

if they fhould not have bred before ; therefore, there muff be a

natural period to the power of conception. A fimilar flop to

propagation may likewife take place in many other clafles of

animals, probably in the female of every clafs, the period

varying according to circumftances ; but ftill we are not ena-

7 bled



on the Ovaria. 235

bled to determine, how far it depends on any particular pro-

perty of the conflitution, or of the ovarium alone.

As the female of mod; claffes of animals has two ovaria, I

imagined, that by removing one it might be.poflible to deter-

mine how far their actions were reciprocally influenced by

each other, from the changes which by comparifon might be

observed to take place, either by the breeding period being

Shortened, or perhaps, in thofe animals whofe nature it is to

bring forth more than one at a time, by the number produced

at each birth being diminifhed.

There are two views in which this fubjeft may be confidered.

The firft, that the ovarium, when properly employed, may be

a body determined and unalterable refpefling the number of

young to be produced. In that cafe we can readily imagine, that,

when one ovarium is removed, the other may produce its deter-

mined number in two different ways ; one when the remaining

ovarium, not influenced by the lofs of the other, will produce

its allotted number, and in the fame time; the other, when it

is affebt'ed by the lofs, yet the conflitution demands the fame

number of young each time of breeding, as if there were ftill

two ovaria; confequently it furnifhes double the number it

would have been required to fupply, had both been allowed to

remain, but muft ceafe from the performance of its function in

half the time. The fecond view of the fubjeft is by luppofing,

that there is not originally any fixed number which the ovarium

muft produce ; but that the number is increafed or diminifhed

according to circumftances ; that it is rather the conflitution at

large that determines the number; and that, if one ovarium is

removed, the other will be called upon by the conflitution to

perform the operations of both ; by which means the animal

M m 2 fhould



236 Mr. Hunter’s Experiment

fhould produce, with one ovarium, the fame number of young

as would have been produced if both had remained.

With an intention to afcertain thofe points, as far as I could,

I was led to make the following experiment ; and for that

purpofe chofe pigs in preference to any other animal, becaufe

they are ealily managed, and breed perfectly well under the

confinement neceflary for experiments. Having feledled two

female ones of the fame colour and fize, and likewile a boar

pig, all of the fame farrow ; after having removed one ova-

rium only from one of the females, and cut a flit in one of

its ears, that there might be no miftake between it and the

other, I had them well fed and kept warm, that there might

be no impediment to their breeding ; and whenever they fai-

rowed, their pigs were taken away exactly at the fame age.

About the beginning of the year 1779, they both took the

boar ; but the one which had been fpayed earlier than the per-

fect female. The diftance of time, however, was not great,

and they continued breeding at nearly the fame times. The

fpayed animal continued to breed till September 1782, when

fhe was fix years old, which was a fpace of more than four

years. In that time file had eight farrows ; but did not take

the boar afterwards, ana had in all feventy-fix pigs. The
perfect one continued breeding till December 1785, when fhe

was about eight years old, a period of almoft fix years, in

which time fhe had thirteen farrows, and had in all one hun-

dred and fixty-two pigs; after this time fhe did not breed : I

kept her till November 1786.

I have here annexed a table of the different times of each

farrow, with the number of pigs produced.

Spayed
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Farrows.

Spayed Sow-

Number of young. Time.

I 6 Dec. 1779

2 8 July 1780
O
D 6 Jan. 1781.

4 IO Aug. 3781

5 IO Mar. 1782

6 9 Sept. 1782

7 1 4 to OO
Co

8 *3 Sept. 1783

7 6

November following fine was put to the boar, but brought

no pigs. April i 784, flie was again put to the boar, without

effe<ft, and never was obferved to take the boar afterwards,.

although often with him. November 17S4, flae was killed.

'
/

Farrows.

Perfect Sow.

Number of young. Time.

I 9

2 6

o 8

4 13 Dec. 1781

5 1 0 June 1782

6 16 Dec. 1782
>-*

/ *3 June 1783

8 1

2

O . M OO
Co

8 ;

Eleven pigs more than were produced by the fpayed fow lit

her eight farrows.

Farrows*.
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Farrows. Number of young. Time.

9 12 Feb. 1784

IO l6 June 1784

11 12 Dec. 1784

12 l6 May 1-4 CO Vi

l 3 l 9 Dec.
>-r>

CO

75

After which fhe bred no more.

The firft eight farrows were •a* GJ

The laft five farrows were

Total -

The number from the fpayed one - -

More than farrowed by the imperfect animal

87

75

l62

7 6

86

It is obfervable, that both fows rather increafed in their

number each time the older they grew, although not uni-

formly ; the difference between the firft and laft in both ani-

mals being confide rable.

From the above table we find, that the fow with only one

ovarium bred till fine was fix years old, from the latter end of

1779 till September 1783, about four years, and in that time

brought forth leventy-fix pigs. The perfect animal bred till

fhe was eight years of age. In the laft, if conception depended

on the ovaria, it was to be expected, that fhe would bring

forth double the number at each birth ; or, if fhe did not, that

fhe would continue breeding for double the time. We indeed

find her producing ten more than double the number of the

imperfed animal, and continuing to breed much longer.

From
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From a circumftance mentioned in the courfe of this expe-

riment it appears, that the defire for the male continues after

the power of breeding is exhaufted in the female ; and there-

fore does not altogether depend on the powers of the ovaria to

propagate, although we mud: at the fame time allow, that it

may be influenced by the exiftence of fuch parts.

If thefe obfervations Ihould be confidered as depending on af cD

Angle experiment, from which alone it is not juftifiable to draw

conclufions, I have only to add, that the difference in the num-
ber of pigs produced by each was greater than can be juftlv

imputed to accident, and is a circumflance certainly in favour

of the univerfality of the principle I wilhed to afeertain *.
1

From this experiment it leems moft probable, that the

ovaria are from the beginning deftined to produce a fixed num-

ber, beyond wdiich they cannot go, although circumftances may
tend to diminifh that number ; that the conftitution at large

lias no power of giving to one ovarium the power of propa-

gating equal to twro ; for, in the prefent experiment, the ani-

mal with one ovarium produced ten pigs lefs than half the

number brought forth by the pig with both ovaria. But that

the conftitution has fo far a power of influencing one ovarium,

as to make it produce its number in a lefs time than w'ould

probably have been the cafe if both ovaria had been prefsrved,.

is evident from the above recited experiment.

* It may be thought by fome, that I fliould have repeated this experiment

;

but an annual expence of twenty pounds for ten years, and the neceifary atten-

tion to make the experiment complete, will be a fuffieient reafon for my not

having done it.
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XXII. Experiments made to determine the pojitive and relative

Quantities of Moifure abforbedfrom the Atmofphere by various

Subfiances , under fimilar Circumfiances. By Sir Benjamin

Thompfon, Knt. F. R. S. } communicated by Charles Blag-

den, M. D, Sec. R. S,

Read March 22, 1787.

BEING engaged in a courfe of experiments, upon the

condu&ing powers of various bodies with refpedt to heat,

and particularly of fuch lubftances as are commonly made ufe

of for cloathing, in order to fee if I could difcover any rela-

tion between the conducting powers of thofe fubflances, and

their power of abforbing moifture from the atmofphere, I made

the following experiments.

Having provided a quantity of each of the under mentioned

fubftances, in a (late of the moft perfefl cleannefs and purity,

I expofed them, Ipread out upon clean China-plates, twenty-

four hours in the dry air of a very warm room (which had

been heated every day for fevcral months by a German Rove),

the laft fix hours the heat being kept up to 85° of Fahrenheit’s

thermometer; after which I entered the room with a very

accurate balance, and weighed equal quantities of thele various

lubftances, as exprefled in the following table.

This being done, and each fubftance being equally fpread

out upon a very clean China plate, they were removed into a

very large uninhabited room upon the fecond floor, where they

were
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were expofed 48 hours, upon a table placed in the middle of

the room, the air of the room being at the temperature of

45° F. ; after which they were carefully weighed (in the room)

and were found to weigh as under mentioned.

They were then removed into a very damp cellar, and placed

upon a table, in the middle of a vault, where the air, which

appeared by the hygrometer to be completely fatu rated with

moifture, was at the temperature of 45
0 F. ; and in this fitua-

tion they were fuffered to remain three days and three nights,

the vault being hung round, during all this time, with wet

linen cloths, to render the air as damp as poffible, and the

door of the vault being fhut.

At the end of the three days I entered the vault, with the

balance, and weighed the various fubftances upon the fpot,

when they were found to weigh as is expreffed in the third

column of the following table.

Weight after Weight after Weight after be-

The various fubftances. being dried 24 being expofed ing expofed 72

hours in a 48 hours in a hours in a damp

hot room. cold, uninha- cellar,

bited room.

Pts. Pts. Pts.

Sheep’s wool - ~ 1000 — 1084 1163

Beaver’s fur - - 1000 - 1072 — 1125

The fur of a Ruffian hare 1000 - 1055 - 1

1

*5

Eider down — — 1000 — 1067 - 1 1 12

f Raw, Angle thread 1000 — 1057 - II07
Silk

| Ravelings of white taffety 1000 - 1054 - II03

T . f Fine lint —
Linen J

1000 - 1046 - 1102

f Ravelings of fine linen 1000 — 1044 mm 1082

Cotton wool —

Silver wire, very fine, gilt, and"!

1000 *043 IO89

flatted, being the ravelings of

gold lace — J

Vol. LXXVII.
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Nn

1000 I COO



TSfZ Sir Benjamin Thompson’s Experiments on

N. B. The weight made ufe of in thefe experiments was that

of Cologne, the parts or leaf}; divifions being = part of

a mark, confequently 1000 of thefe parts make about 52

1

grains Troy.

I did not add the filver wire to the bodies above mentioned

from any idea that that fubftance could poffibly imbibe moiftu re

from the atmofphere ; but I was willing to fee whether a

metal, placed in air faturated with water, is not capable of

receiving a fmall addition of weight from the moifture attracted

by it, and attached to its furface ; from the refult of the

experiment, however, it ffiould feem that no fuch attraction

fubfifts between the metal I made ufe of, and the watery vapour

diffolved in air.

I was totally miftaken in my conjectures relative totherefults

of the experiments with the other fubftances. As linen is

known to attract water with fo much avidity ; and as, on the

contrary, woo], hair, feathers, and other like animal fubftances,

are made wet with fo much difficulty, I had little doubt but that

linen would be found to attract moifture from the atmofphere

with much greater force than any of thofe fubftances ; and

that, under fimilar circumftances, it would be found to contain

much more water : and I was much confirmed in this opinion

upon recollecting the great difference in the apparent dampnefs

of linen and of woollen clothes, when they are both expofed to

the fame atmofphere. But thefe experiments have convinced

me, that all my fpeculations were founded upon erroneous

principles.

It ffiould feem, that thofe bodies which are the molt eafily

wet, or which receive water, in its unelaftic form, with the

greateft eafe, are not thofe which in all cafes attract the watery

vapour difiolved in the air with the greateft force.

Perhaps
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Perhaps the apparent dampnefs of linen, to the touch, arifes

more from the eafe with which that fubfrance parts with the

water it contains, than from the quantity of water it actually

holds : in the fame manner as a body appears hot to the touch,

in confequence of its parting freely with its heat, while ano-

ther body, which is actually at the fame temperature, but

which witholds its heat with greater obftinacy, afreets the'

fenfe of feeling much lefs violently.

It is well known, that woollen clothes, fuch as flannels, &c.

worn next the (kin, greatly promote infenfible perfpiration.

May not this arife principally from the ftrong attraction which

fubfifrs between wool and the watery vapour which is conti-

nually ifluing from the human body ?

That it does not depend entirely upon the warmth of that

covering, is clear ; for the fame degree of warmth, produced by

wearing more cloathing of a different kind, does not produce

the fame efreCt.

The perfpiration of the human body being abforbed by a

covering of flannel, it is immediately difrributed through the

whole thicknefs of that fubftance, and by that means expofed

by a very large furface to be carried off by the atmofphere ;

and the lofs of this watery vapour, which the flannel fufrains

on the one fide, by evaporation, being immediately refrored

from the other, in confequence of the frrong attraction be-

tween the flannel and this vapour, the pores of the (kin are

difencumbered, and they are continually lurrounded by a dry,

warm, and falubrious atmofphere.

I am aftonilhed, that the cufrom of wearing flannel next the

(kin fhould not have prevailed more univerfally. I am confi-

dent it would prevent a multitude of difeafes ; and I know of

N n 2, no
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no greater luxury than the comfortable fen fation which arifies

from wearing it, efpecially after one is a little accudomed to

it.

It is a midaken notion, that it is too warm a cloathing for

fummer. I have worn it in the hotted climates, and in all

feafons of the year, and never found the lead inconvenience

from it. It is the warm bath of a perforation confined by a

linen fhirt, wet with fweat, which renders the fummer heats

of fouthern climates fo infupportable ; but flannel promotes

perfpiration, and favours its evaporation ; and evaporation, as

is well known, produces pofitive cold.

I flrfl began to wear flannel, not from any knowledge which

I had of its properties, but merely upon the recommendation

of a very able phyfician (Sir Richard Jebb) ; and when I

began the experiments of which I have here given an account,

I little thought of difcovering the phyfical caufe of the good

effedls which I had experienced from it ; nor had I the. mod
diflant idea of mentioning the circumflance. I (hall be happy,

however, if what I have laid, or done, upon the fubjedt,

fhould induce others to make a trial of what I have fo long

experienced with the greated advantage, and which, I am con-

fident, they will find to contribute greatly to health, and con-

fequently to all the other comforts and enjoyments of life.

I fliall then think thefe experiments, trifling as they may

appear, by far the mod fortunate, and the mod important ones

I have ever made.

With regard to the original objedl of thefe experiments, the

difcovery of the relation which I thought might poflibly fub-

fid between the warmth of the fubdances in quedion, when

made ufe of as cloathing, and their powers of attracting

i moidure
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moifture from the atmofphere ; or, in other words, between

the quantities of water they contain, and their conducting

powers with regard to heat ; I could not find that thefe pro-

perties depended in any manner upon, or were in any way

connected with, each other.

The refult of my experiments upon the conducting powers

of thefe fubftances, I referve for a future communication.

O <tVor, LXXVII.
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XXIII. The Principles and Illufration of an advantageous Me-

thod of arranging the Differences of Logarithms
,

on lines

graduated for the Purpofe of Computation . By Air. William

Nicholfon ; communicated hy Sir Jofeph Brinks, Bart .

P. R. S.

Read March 29, 1787.

1.

1TF two geometrical feries of numbers, having the fame

JL common ratio, be placed in order with the terms oppo-

fte each other ; the ratio, between any term in one feries and

its oppofite in the other, will be conftant *.

2. And likewife the ratio of a term in one feries to any term

in the other, will be the fame as obtains between any other two

terms having the fame relative pofition and diftance -f.

3. In all fuch pairs of geometrical feries, as have the fame

common ratio, the laft mentioned property obtains, though the

frft antecedent and confequent be taken in one pair, and the

fecond in any other pair J.

'* Geom. feries
'a an an an 5 an4

b bn brl brfi bn4

Then a : b :: an : bn :: an
2

: bn
z
}

See.

•f In the foregoing feries a : bn
z

:: an : bn4 :: an : bn^t
&e.

J Geo. feries
an an

2
ani

3 an 1

Geo, feries

bn bn
z
bn3 bn*

d dn dn
?

dn 3 dn*

bd bdn bdn
z

bdn 3 bdn

*

a a a a a

i % j bdrp
Then a : bn dn :

,
&c.

a

4- If
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4. If the differences of the logarithms of numbers he laid

in order upon an arrangement of equi-difbmt parallel right

lines, in fuch a manner as that a right line, drawn acrofs the

whole, {hall interfecl it at divifions which denote numbers in

geometrical progreffion ; then, from the condition of the ar-

rangement and the property of this logarithmic line, it fol-

lows, firft, that every right line, fo drawn, will, by its inter-

fedtions, indicate a geometrical feri.es of numbers*; fecondlv,

* Let AB, CD, EF (Tab. X. fig. 5 .) be portions of the logarithmic line, arranged

according to the condition : let GFI be a right line drawn acrofs, fo as to pafs

through points of divifion e y
c, <j, denoting numbers in geometrical progreffion :

then will any other line IK, drawn acrofs the arrangement, alfo pafs through

pointsfy
dy by denoting numbers in geometrical progreffion.

Demonftration. From one of the extreme points of interfe£lion f in the laft

named line IK draw the right line fg ,
parallel to GII, and interfering the

arrangement in the points h ;
and the ratios of the numbers e : fy c : and

a : by will be equal, becaufe the intervals on the logarithmic line, or differences of

the logarithms of thofe numbers, are equal

:

e f c i

Or - =4 and - “ — .ci ah
e c

But - — - by the condition.
c a

f t

Therefore 4 = ~ ; or the numbers /", i, h
,
are in the fame continued ratio as

i h

the numbers e, c, a.

Again, the pointy, the line /V, and the line hby are in arithmetical progreffion,

and denote the differences of the logarithms of the numbersy and y, i and d%

h and b.

The quotients of the numbers themfelves are therefore in geometrical pro-

oreffion, that is,

y d
.

b i _dh

f
:

7
:

h’
or
h~bi

Or - —— ,
by fubftituting — for its equal — •

d bf f t

Whence — = -7 or f : d : b. Q. E. D.
d b

O O 2 that
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that fuch feries, as are fo indicated by parallel right lines, will

have the fame common ratio * ; and, thirdly, that the feries

thus indicated by two parallel right lines, fuppofed to move

laterally without changing either their mutual diftance, or

parallel ifm to themfelves, will have each the fame com-

mon ratio; and in all pairs of feries indicated by fuch two

lines, the ratio between an antecedent on one parallel and the

oppofite term on the other, taken as a coniequent,. will be

conftant -j-.

5. Thus far the logarithmic line has been confidered as un-

limited. If, therefore, an antecedent and consequent be given,

it will be poffible to find both on the arrangement, and to draw

two parallel lines, one over each number : and if the lines be

then fuppofed to move, without changing either their diftance

or abfolute direction, fo that the line, which before marked an

antecedent, may now mark a new antecedent ; the other (by

2. and 3.) will mark a number, at the fame relative pofition

and diftance, which (hall be the confequent to this laft ante-

cedent after the fame ratio.

6. Suppofe a logarithmic line to contain no more than a

Angle range of numbers from 1 to 10, it will not be nec.effary,

for the purpofes of computation, to repeat it; for if a Aider

* In the fame manner as it was proved that the line fg t
parallel to GH, palfes

through points of divifion, denoting numbers in the fame continued ratio as thofe

indicated by the line GH, it may alfo be fhewn, that the line LM parallel to any

other line IK, will pafs through a feries of numeral points, having the fame

continued ratio as the feries indicated by that line IK to which it is parallel.

f Becaufe the lines preferve their parallelifm to their former fituation, they

will indicate geometrical feries having the fame common ratio as before; and,

becaufe their diftance meafured on the logarithmic line remains unchanged,, the

differenGes of the logarithms of oppoftte numbers, and confequently their ratio,

will be oonftant,

3 or'



Lines for the putpofe of Computation. 249

or beam have two fixed points at the diflance cf the interval

between 1 and 30, and a moveable point be made to range

between thele (always to indicate the antecedent) ; thep, I

lay, it the confcquent fixed point fall without the rule, the

other fixed point will fhew the divition it would have fallen on,

if the rule had been prolonged. This may be ea lily applied to

the arrangement defcribed, N° 4.

7. If the arrangement con fi ft only of the logarithms from 1 to

10, and the parallel crofs lines interfeef that geometrical feries

whofe fucceflive ratios altogether, with that of the haft to the.

firft, make by compofition the ratio T ~, the contrivance, N J

6, may be applied to fhew fuch. confequents as fall, laterally,

without the rule.

8. It is convenient that the arrangement of the lines be

difpofed fo as to occupy a rectangular parallelogram
; or, in

other words, that the crofs line, cutting the feries laft men-

tioned, may be at right angles to the length of the rule.

The conftrudtion of an inftrument on the foregoing princi-

ples admits of various difpofitions of the graduated lines and

apparatus for meafuring intervals upon them. Fig. 1. is a

rule confiding of ten parallel lines, equivalent to a double line

of numbers upwards of 20 feet in length. Fig. 2. is a beam

compafs for meafuring intervals. The parts B, A, C, apply

to the furface of the rule ; the middle A being moveable fide-

ways in a groove in the piece DE, fo as always to preferve its-

parallelifm to the external pieces B, C, which are fixed at a

defiance equal to the length of the rule, and have their edges

placed according to the condition in § 7. which is here at right

angles to the length. The piece DE, in the ufe, is applied to

the edge FG of the rule. The edges or borders H,

.

1
,
K, L,

may
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may be made of tranfparent horn or tortoife-fhelJ, which are

in many refpecls more convenient than any opake fubAance.

The Ufe. Apply the edge of either B or C to the confequent,

and hide the piece A to the antecedent, obferving the difference

between the numbers on the pieces denoting the lines they are

found on ; then, if the fame edge of A be applied to any other

antecedent, the other piece B or C, made ufe of, will inter-

l’ecl a confequent in the fame ratio upon that line of the ar-

rangement, which has the fame ftuation, with refpedt to the

antecedent, as the line of the former confequent had to its ante-

cedent. The numbers on the pieces ferve to indicate the rela-

tive fituations. But if B be the confequent piece, and fall

without the rule, the piece C will fbew the confequent one line

lower ; or if C, in the like cafe, fall without the rule, B will

fhew the confequent one line higher. It would be eafy to make

the fame kind of provifion for the numbers which fall laterally

without the rule : and it might be found convenient if, for the

purpofe of computation, inftruments of this kind were to be

made with an hundred or more lines. But in the prefent in-

Arument, the numbers on the pieces will anfwer the fame

purpofe : for if a confequent fall on a line at any given num-

ber of intervals without the rule, it will be found on that line

of the arrangement, which occupies the fame number of in-

tervals, reckoned inwards from the oppofite edge of the rule.

Fig. c. is a Gunter’s fcale, equivalent to that of 281

inches in length, publifhed by the late Mr. Robertson. It

is, however, but one-fourth of the length, and contains

only one-foui th of the quantity of divilion. In the Aider

GH is a moveable piece AB, acrofs which a fine line is

drawn ;
and there are alfo lines CD, EF, drawn acfofs the

Aider, at a diftance from each other equal to the length of the

rule. The ufe of this is fimilar to that of the foregoing. The

line
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1

line CD or Eh is to be placed at the confequent, and the line in

the piece AB at the antecedent : then, if the piece AB be placed at

any other antecedent, the fame line CD or EF will indicate its

confequent in the fame ratio taken the fame way; that is to

fay, if the antecedent and the confequent lie on the fame fide

of the Aider, all other antecedents and confequents in that

ratio will lie in the fame manner; and the contrary if they

do not, &c. But if the confequent line fill without the rule,

the other fixed line on the Aider will fhew the confequent

;

but on the contrary fide of the Aider to that where it would

elfe have been feen by means of the firA confequent line.

Fig. 4. is an inArument equivalent to the fame rule of 28

f

inches long. It confifts of three concentric circles engraved

and graduated on a plate of about 1 \ inch in diameter. From

the center proceed two legs A, B, having right-lined edges in

the direction of radii. They are moveable either fingiy or

together. To ufe this inArument, place one of the edges at

the antecedent, and the other at the confequent, and fix them

to that angle. The two legs being then moved together, and the

antecedent leg placed at any other number, the other leg will

give its confequent in the like pofition or fituation on the lines.

If the line CD happen to lie between the legs, and B be the

confequent leg, the number fought will be found one line far-

ther from the center than it would otherwife have been ; and,

on the contrary, it will be found one line nearer in the like

cafe, if A be the confequent leg. This inArument, differing

from fig. 1. only in its circular form, and the advantages re-

fulting from that form, the lines-muA be taken to fucceed each

other in the fame manner laterally; fo that numbers, which

fall either without or within the arrangement of circles, will

4 be
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be found on fuch lines of the arrangement as would have occu-

pied the vacant places if the fucceffion of lines had been inde-

finitely repeated tideways.

I approve of this conflruclioti, as fuperior to every other

•which has yet occurred to me, not only in point of conve-

nience, but likewife in the probability of being better exe-

cuted, becaufe fmall arcs may be graduated with very great

accuracy, by divihons transferred from a larger original. The

inftrument, fig. i . may be conveniently contained in a circle

of about 4I inches diameter.

The circular inflrument is a combination of the Gunter’s

line and the fedtor, with the improvements here pointed out.

The property of the fedlor may be ufeful in magnifying the

differences of the logarithms in the upper part of the line of

lines, the middle of the tangents, or the beginning of the

verfed fines. It is even poffible, as mathematicians will eafily

conceive, to draw fpirals on which graduations of parts, every

where equal to each other, will Ihew the ratios of thofe lines

by means of moveable radii fimilar to thofe in this inflrument.

But I do not, in this Difcourfe, propofe to enter into enquiries

refpe&ing the nature of fuch curves, nor their utility in th«

$>relent bufinefs.
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XXIV. Obfcrvathns tending tofiew that the Wolf, Jackal, and

D°g< are all of the fame Species, By Jolm Hunter, FJq.

F. R. S.

P.ead April 26, 17S7.

r
jj

' II E true diftindlion between different fpecies of animals

JL muff ultimately, as appears to me, be gathered from

their incapacity of propagating with each other an offspring

capable again of continuing itfelf by fubfequent propagations

:

thus the Horfe and Afs beget a Mule capable of copulation,

but incapable of begetting or producing offspring. If it be

true, that the mule has been known to breed, which muff be

allowed to be an extraordinary faiff, it will by no means be

fufficientto determine the Horfe and Afs to be of the fame fpe-

cies ; indeed, from the copulation of Mules being very frequent,

and the circumffance of their breeding very rare, I fhould

rather attribute it to a degree of monffroiity in the organs of the

Mule which conceived, not being thofe of a mixed animal,

but thofe of the Mare or female Afs. This is not fo far-fetched

an idea, when we confider that fome true fpecies produce mon-

fters, which are a mixture of both fexes, and that many ani-

mals of diffinct lex are incapable of breeding at all.

If then we find nature in its greateff perfe&ion deviating

from general principles, why may not it happen likewife in the

produftion of Mules, fo that fometimes a Mule fhall breed

from the circumffance of its being a monffer refpeTing mules ?

Vol. LXXVII. P P
* The
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The times of uterine geftation being the fame in all the

varieties of every fpecies of animals, this circumftance becomes

neceftary to determine a fpecies.

The affinity between the Fox, Wolf, Jackal, and feverai

varieties of the Dog, in their external form and feverai of their

properties, is fo ftriking, that they appear to be only varieties of

the fame fpecies. The Fox would feem to be a greater remove

from the Dog than either the Jackal or Wolf, at leaf: in difpo-

fttion, not being either fo fociable refpedting its own fpecies or

man, but naturally a folitary animal
; from all which I fhould

fufpefl it is only allied to the Dog by being of the fame genus.

It is confidently afferted by many, that the Fox breeds with

the Dog, but this has not been accurately afcertained ; but, if

it had, it would probably have been carried further, and once

breeding, according to what we have faid, does not conftitute

a fpecies ; this, however, is a part I mean to inveftigate.

Wolves and Jackals are found in herds ; and the Jackal is fo

little afraid of the human fpecies, that, like a Dog, it comes

into hgufes in fearch of food, more like a variety of the Dog

in confequence of cultivation than chance. It is by much the

moft familiar of the two ; for we fhall find hereafter, that in

its readinefs to copulate with the Dog, and its familiarity with

the Dog afterwards, it is fomewhat different from the Wolf.

The Wolf then being an animal better known in Europe,

where inquiries of this kind are made, fome pains has been

taken to afcertain, whether or not it was of the fame fpecies

with the dog ; but, I believe, it has been hitherto confidered

as only belonging to the fame genus.

Accident often does as much for natural hiftory as preme-

ditated plans, efpecially when nature is left to itfelf. The
fir ft inftance of the Dog and Wolf breeding in this country

feem$
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&ems to have been about the year 1766. A Pomeranian Bitch

of Mr. Brookes’s, in the New Road, was lined only once by

a Wolf, and brought forth a litter of nine healthy puppies.

The veracity of Mr. Brookes is not to be doubted, refpc£ting

the Bitch being lined by a Wolf
;
yet, as it was poflible die

might have been lined by fome common Dog without his

knowledge, the faft was not clearly made out ; but it has

been fince afcertained, that the Dog and Wolf will breed.

Several noblemen and gentlemen bought fome of the puppies,

as 1 was informed by Mr, Brookes. My Lcrd Clanbras.-il

purchafed a Bitch-puppy; and Mr. Brookes prefen ted one to

me, which I kept for obfervations and experiment. Its aftions

were not truly thofe of a Dog ; it had more quicknefs in

attending to things, was more eafily Bartled, as if parti-

cularly apprehenfive of danger, quicker in tranfitions from one

aftion to another, not fo ready to the call, being lefs docile ;

and from thefe peculiarities it loft its life, being ftoned to death

in the ftreets for a mad dog.

Hearing that Lord Clanbr assil’s Bitch had bred, Sir

Joseph Banks was fo obliging as, at my requeft, to wrrite to

his Lordfhip, who fent the following account.

S I R,

About feventeen or eighteen years ago, the late Lord Mont -

hermer and I happened to fee a Dog-wolf at Mr. Brookes’s,

who deals in animals, and lives in the New Road. The ani*

mal was remarkably tame ; and it ftruck us, for that reafon,

that a breed might be procured between him and a Bitch.

We promifed Mr. Brookes a good price for puppies, if h,e

fucceeded. In about a year a Bitch produced nine, and Lord

P p 2 Mont-
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Monthermer bought one; and I had another, which was a

Bitch. Lord Montiiermer’s died of fits in about two years :

mine lived longer, and had puppies only once. One I gave to

Lord Pembroke ; but what became of it 1 do not remember.

It was grand-daughter of the Wolf by the dam, and got by a

large Pointer of mine.

It might be confidered, that Mr. Brookes’s word was not

fufficient proof that the puppies were really got by the Wolf;

but the appearance of the animals, fo totally different from all

others of the canine fpecies, did not leave a doubt upon our

minds; and I remember Hans Stanley, who had adopted

Buffon’s opinion, was thoroughly convinced upon feeing mine.

The animals had the fhape of the Wolf refined : the fur

long, but almoft as fine as that of the black Fox.

I am afraid I have trefpaffed too much upon your time, and

will only beg you will be afliired nothing can give me more

pleafure than any opportunity of alluring you how truly

I am, Sir, &c.

Jan. 7, 1787.

Clanbrassil

Upon the fuppofition that Mr. Brookes’s Bitch was lined

by no Dog but the Wolf, which I think we have no reafon to

doubt, the fpecies of the Wolf is afeertained ; but I chofe to

trace this breed {Fill further; and hearing that Lord Pem-
broke’s Bitch had likewife bred, I was anxious to know the

truth of .it; and, finding his lordlhip was in France, I took the

liberty of writing to Lord Herbert, and received in anfwer

the following letter.

S I R,
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SIR, Wilton-houfe, Dec. 20, 1786.

The half-bred Wolf-bitch you allude to was given, as I

have always underftood, to Lord Pembroke by Lord Clan-
brassil. She might, perhaps, have been bought at Brookes’s

by him. She had four litters, one of ten puppies, by a Dog
between a Mattiff and a Bull-dog. One of thefe was given to

Dr. Eyre, at Wells in Somerfetfhire, and one to Mr.

Buckett, at Stockbridge. The fecond litter was of nine

puppies, l'ome of which were lent to Ireland, but to whom I

know not. This litter was by a different Dog, but of the

fame breed as the firft. The third litter was of eight puppies,

by a large Maftiff. Two of thefe were, I believe, fent to the

prefent Duke of Queensberry. The fourth litter confiffed

of feven puppies; two of which were lent to M. Cefjat, a

gentleman who now refides at Laufanne in Switzerland, and is

famous for breaking dogs remarkably well. Thele two puppies

were, however, naturally fo wild and unruly, that he found

it impolhble to break them. She died four years ago, and the

following infeription was put over the place where fhe is buried,

in this garden, by Lord Pembroke’s orders.

Here lies Lupa,

whofe grand-mother was a Wolf,

whofe father and grand- father were Dogs, and whofe

mother was half Wolf and half Dog. She died
1

on the 1 6th of October, 1 782, aged 1 2 years.

I am forry it is not in my power to give you any better

account ; but if you think proper to write to Lord Pembroke,

2 who
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who is at Paris, I am convinced he will be very happy to give

you any further information.

I am, &c.

Herbert.

Buffon, whofe remarks in natural hiftory are well known,

-made experiments to afcertaiti how far the Wolf and Dog were

of the fame lpecies, but without fuccefs. He fays, “ A She-

“ wolf, which I kept three years, although fhut up very

t£ young, and along with a Greyhound of the fame age, in a

“ fpacious yard, could not be brought to agree with it, nor

“ endure it, even when floe was in heat. She was the weakeft,

“ yet the moil mifehievous
;
provoking, attacking, and biting

“ the Dog, which at firft only defended itfelf, but at laft

cs killed her.” And in another part of his work, he makes

the following obfervation :
“ The Dog, the Wolf, the Fox,

“ and the. Jackal, form a genus, of which the different fpe-

“ cies are really fo nearly allied to each other, and of which

“ the individuals refemble each other fo much, particularly by

“ the internal ftrudture and parts of generation, that it is diffi-

“ cult to conceive why they do not breed together

This

* In the Supplement to his Works, he gives the following account which had

"been fent to him. 44 A veryyoung She-wolf, brought up at the Marquis of Spon-

41 tin’s, at Namur, had a Dog, of nearly the fame age, kept with it as a

41 companion. For two years they were at liberty, coming and going about the

44 apartments, the kitchen, the ftables, &c. lying under the table, and upon the

u feet of thofe who fat round it. They lived in the greateft familiarity.

44 The Dog was a ftrong Greyhound. The wolf was fed on milk for fix months ;

after that, raw meat was given her, which Ihe preferred to that which was

44 drefled.
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ru is part of natural hifiqry lay dormant till Mr. Gough,

who fells birds and has a collection of animals 011 Holborn

Hill, repeated the experiment on a Wolf-bitch, which was very

tame, and had all the aCtions of a Dog under confinement.

A Dog is the moft proper fubjeCt for comparifon, as we have

opportunities of being acquainted with its difpofitions and

modes of exprefiing its fenfations, which are moft diftinguifh-

able in the motion of the ears and tail ; fuch as pricking up

the ears when anxious, wifhing, or in expectation ; deprefiing.

them when fupplicant, or in fear; railing the tail in anger or

love, deprefiing it in fear, and moving it laterally in friend-

Uhip ; and likewife in railing the hair on the back from many

affeCtions of the mind. This animal became in heat in the

month of December 1785 ; and as Mr. Gough had home idea

of breeding from wild animals, as Monkies, Leopards, 6cc*

he was anxious to have the Wolf lined by fome Dog; but (he

“ drefled. When fhe ate no one durft approach her; but at other times people

“ might do as they pleafed, provided they did not ufe her ill. At firfl fhe mr.de

“ much of all the Dogs which were brought to her
;

but afterward Hie gave the

“ preference to her old companion, and from that time fhe became very fierce

“ if any flrange Dog approached her. She was lined for the firfl time on the

“ 25th of March ;
this was frequently repeated while her heat coutinued, which

“ was fixteen days; and fhe littered the 6th of June, at eight o’clock in the

“ morning; the period of geftation was therefore feventy three days at the

“ moft*. She brought forth four young ones of a blackifli colour, fome of

Ai whofe feet, and a part of the bread, were white; in this refpe<5l taking after

“ the Dog, who was black and white. From the time file littered file became

“ furly, and fet up her back at thofe who came near her; did not know her

“ mailers, and would even have killed the Dog, if it had been in her power.”

* This is a longer period than in the Bitch by at lead ten days ; but as the account was made from the

ftrft time of her being lined, and fhe was in heat for a fortnight, and lined in that time, it is very-

probable, if the time was known when fhe conceived, that it would prove to be the fame period as in

the Dog.

would
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would not allow any Dog’to come near her, probably from her

n'ot being accuflomed to be with Dogs, and being always

chained. She was held, however, while a greyhound Dog lined

her, and they were faftened together exactly as the Dog and

Bitch.' While in conjunction the was pretty quiet ; but when

at liberty, the endeavoured to fly at the Dog. In this way (he

was twice lined; She conceived, and brought forth four young

ones. The time (he went with young was notexaCtly known ;

but it was believed to be the fame as in the Bitch. 1 wo of the

puppies were like the Dog in colour, who had large black fpots

on a white ground ; one was of a black colour, and the fourth

of a kind of dun, and would probably have been like the

mother. She took great care of them, yet did not feem very

anxious when one was taken from her by the keeper; nor did

(he feem afraid when ftrangers came into the room. Unfortu-

nately thefe experiments were carried no further; one being

fold to a gentleman, who carried it to the Eaft-Indies ; and the

other three were killed by a Leopard, one of which I was to

have had. The'fame Wolf was in heat in December 1786, and

was lined feveral times by a Dog. She pupped on the 24th of

February 1787, and had fix puppies, which may afford oppor-

tunities, if they are thought neceflary, of repeating experi-

ments on this lubjeCl.

While purfuing this fubjeCt, I was informed, that Captain

Mears, of the Royal Bifhop Eaft-India-man, had brought

home a bitch Jackal with young, which had brought forth

fioon after his arrival ; and that he had given the bitch Jackal

and one puppy to Mr. Bailey, Bird-merchant, in Piccadilly. I

went to fee them, and purchafed the puppy, the fubjeCt of

the following experiment, which had difpofitions very fimilar

to
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to the half-bred Wolf which I had from Mr, Brookes before

mentioned.

To have a true hiltary of this animal, I took the liberty of

writing to Mr. Mears, who politely called upon me, and, at

my requeft, put down the particulars in the form of a letter

to me, of which the following is a copy.

S I R,

I had the honour of yours the 15th inftant ; and with re-

gard to the female Jackal, 1 can allure you, that Ihe took a

fmali fpaniel Dog of mine on board my fhip, the Royal Bifhop.

I had her, when a cub, at Bombay; and a very Ihort time

before I arrived in England Ihe got to heat, and enticed this

fmali dog into the long-boat, where I faw them repeatedly

fail; together. I brought her to my houfe in the country,

where Ihe pupped fix puppies, one of which you have feen.

Mr. Plaw, at N° 90, Tottenham-Court-Road, has a Dog-

puppy, which will be at your fervice at any time you chufe to

lend for him, to make any further experiments : I called on

Mr. Plaw, and got his promifeto let you have the Dog.

I have the honour to be, Sir,

N° 107, Hatton-ftreet,

f6th Jan. 1786.

Wm. Mears*

P. S. I had the Bitch on board fourteen months.

Vol. LXXVII. I took
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I took this puppy into the country, and chained it up near 3

maftiff Dog, and they were very familiar, and feemingly fond

of each other. When the Bitch became firft in heat, I could

not get a proper Dog for her; but the latter end of September

being again in the fame fituation, feveral Dogs were procured*

and left with her. They appeared indifferent about her, pro-

bably from being in a ftrange place ; and fhe did not feem in-

clined to be familiar with them ; whether the great Dog might

be able to line her I do not know ; fhe was, however, twice

tied by a Tarrier on the 3d of October. In a few weeks fhe

was evidently become bigger ; and on the 30th of November,

in all fifty-nine days, fhe brought forth five puppies. Some

days before this period fhe dug a hole under ground, by the

fide of her kennel, in which fhe brought forth, and it was

fome time before floe would allow the puppies to flay in the

kennel when put there. In about eight days fome, and nine

days others of them began to open their eyelids.

Here then is an abfolute proof of the Jackal being a Dog

;

and it appears to me, that the Wolf is equally made out to be

of the fame fpecies. It now then becomes a queftion, whe-

ther the Wolf is from the Jackal, or the Jackal from the

Wolf, fuppofing they had but one origin ? From the fuppofi-

tion, that varieties become more tame in their nature, we
fhould be led to believe, the Wolf to be the original, and that

the Jackal was a ffep towards civilifation in that fpecies of

animal. There are Wolves of various kinds, each country

having a Wolf peculiar to itfeif; but the Jackals that I have

feen have been more uniformly the fame, both thofe from

Africa, and thofe from the Eaft-Indies. I am informed, how-

ever, that they vary in fize. Whether all the Wolves of dif-

ferent countries are of one fpecies, or fome of them only of the

fame
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fame genus, I do not know ; but 1 fhould rather fuppofe them

to be all ol one fpecies. What is with me an argument in

favour ot this luppofition is, that, if there were Wolves of

diftiii£l Ipecies, we fhould have had by this time a great variety

of that fpecies of Wolves, with the various difpofitions ariling

from variation in other refpedts ; and thofe varieties now
turned to very ufeful purpofes, as has been the cafe with

the Dog; for all the Wolves we are yet acquainted with,

have naturally the principle of cultivation in them, as much
probably as any animal, or as much at lead: as thofe Wolves we
now know to be Dogs. The not having a civilifed fpecies of

Wolf is, indeed, with me a proof that they are all of the fame

Ipecies with the Dog. If they are all of the dime fpecies with

the Dog, then the firft variety that took place was dill in the

character of a Wolf, differing only in colour, or fome trivial

circumftance, which could only take place from a difference in

climate ; civilifation or cultivation in a date of nature being

the dime in them all. Where they became Jackal, or what

we now call Dog, is difficult to fay ; or what Dog we can call

the drft remove, as many Dogs differ very much from one

another; or whether the Jackal is the intermediate link be-

tween the Wolf and the Dog. In either cafe we have three

great varieties in this fpecies, Wolf, Jackal, and Dog, with the

varieties in each. If the Dog is proved to be the Wolf tamed,

the Jackal may probably be the Dog returned to his wild

date.

To afeertain the original animal of a fpecies, it is proper to

examine all the varieties of that fpecies, and fee how dir they

have the ehara&er of the genus, and what refemblance they

bear to the other fpecies of the genus ; for it is natural to fup-

pofe, that the original, or the animal which is neared to it,

Q q 2 will
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will have more of the true character of the genus, and will

have a Wronger refemblance to the fpecies neared allied to itr

than any of the other varieties of its own fpecies.

If we apply this to the Dog, and confider the Fox as a

didindt fpecies, which there is great reafon to believe it is, that

variety which has the dronged refemblance to the Fox, is to

be looked upon as the original of all the others ; which will

prove to be the Wolf.

Another mode of confidering this fubjedfc, which is how-

ever fecondary to the above, is, fuppofing that all animals

were at fird wild ; and, therefore, that thofe animals which

remain wild, are the original dock ; and that the further we

find animals removed from their originals in appearance, they

are really further removed in confequence of variation taking

place from cultivation, fo that we may dill be able to trace the

gradation. What gives lome force to this idea is, that where

the Dogs have been lead: cultivated, there they dill retain mod
of their original chara&er, or fimilarity to the Wolf or the

Jackal, both in fhape and difpofition. Thus the fhepherd’s

Dog, all over the world, has drongly the chara&er of the

Wolf or Jackal; fo that but little difference is to be obferved,

except in fize and hair. Size is, perhaps, a variety taking

place under a variety of circumdances ; but difference in hair

is, in general, influenced by climate, although perhaps not

always fo. Thus the Wolf has longer and fofter hair than

the Jackal, becaufe he is a more northern animal ; and the

Jackal and fhepherd’s Dog in Portugal and Spain have fhorter

and dronger hair than thofe of Germany or Kamchatka, from

inhabiting warmer climates. But when we confider their ge-*

neral fhape, the chara&er of countenance, the quick manner

with the pricked and ered ears, we mud fuppofe them varieties

of



of the Wolf, Jackal, and Dog. 265

of the fame fpecies. The fmelling at the tall has been de«

fcribed as charafteriftic of the Dog ; but, I believe, it is com-
mon to mod animals, and only marks the male ; for it is the

moll: certain way the male has of knowing the female, and

alfo difclofes another fcent, which is the final intention, whe-
ther the female is difpofed to receive the male.

The Efquimaux Dog, and that found among the Indians as

far fouth as the Cherokees
;
the fhepherd’s Dog in Germany,

called Pomeranian ; the fhepherd’s Dog in Portugal and Spain ;

have all a ftrong hmilarity to the Wolf and Jackal.

Buffon, on the origin of Dogs, feems to have pofleffed

nearly the fame idea ; for he fays the fhepherd’s Dog is the

original flock from which the different races of Dogs have fprung.

As the Wolf turns out to be a Dog, it feems aflonifhing,

that there was 110 account of Dogs being found in America.

But this I confider as a defedt in the firfl hiffory of that country,

for there are Wolves ; and I think, in fpite of all that has

been Paid to the contrary, the Efquimaux and Indian Dog is

only a variety from a Wolf in that country, which had been

tamed. Mr. Cameron, of Titchfield-flreet, who was many

years among the Cherokees, and confiderably to the weflward

of that country, obferves, that the Dog found there is very

fimilar to the Wolf; and that the natives confider it to be a

fpecies of tame Wolf ; but as we come more among the Euro-

peans who have fettled there, the Dogs are more of a mixed

breed ; for why they fhould only have had this kind of Dog

tranfported among them, while every other part of America >

has the varieties of Europe, is not eafily folved.

The voice of animals is commonly charadleriftic of the fpe-

cies ; but I (hould fuppofe, it is only charadleriffic of the

original fpecies* and not always of the variety, and this .

4 fuppolition
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fuppofition holds good in the Dog fpecies. It would appear,

that the voice of the Wolf and the Jackal is very fimilar, and

is principally conveyed through the nofe, and exa£Uy refembles

that noile in Dogs, which is a mark of longing or melancholy,

and alfo of fondnefs ; but has no refemblance to the bark of

the Dog, which they do not perform. Barking is peculiar

to certain varieties of the Dog kind, and even fome that do

bark, do it lefs than others. The Dogs in the South-Sea

iflands do not bark : our Greyhound barks but little ; while the

MaftifF, and many of the fmaller tribe, as Spaniels, are parti-

cularly noify in this way. It would appear as if the frequency

of this noife arofe from imitation ; for the Dogs in the South-

Seas learn to bark ; and others, as the Hound, have a peculiar

howl, which, by huntfmen, is called the tongue. This noife,

as alfo the bark, is made by opening the mouth. A variety in

the voice, or fome parts of the voice, in the varieties of the

fame fpecies, is not peculiar to the Dog.
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XXV. 'Experiments on the Congelation of the Vitriolic Acid. By
James Keir, Efq. F, R . S. ; communicated by Henry Caven-

difh, Efq. F. R. S.

Read May 3, 1787.
§

THAT the vitriolic aci&Yometimes alfumes a folid, crystal-

line State, has been obferved by Basil Valentine, and*

by many later chemiSts ; but their relations of this appearance are

neither fufhciently explicit, with regard to the effential and con-

comitant circumStances, nor do they feem very confiStent with

each other. It appears, however, that two very diftindt fpecies of

congelation of this acid have been noticed. That which is

defcribed by the older chemiSts, and alfo by fome modern

authors, requires no greater degree of cold than the common
temperature of the air, even in fummer, and is peculiar to

that acid which is obtained by distillation from martial vitriol,

and which is poffefled of a Smoking quality in a high degree :

for not only the authors, by whom this congelation has been *

obferved, have given this defcription of the acid employed,

• but alfo the late experiments of M. Dollfuss * feem to

Shew, that the Smoking quality is effential to the phenomenon;

for neither the acid obtained from vitriol, when deprived by

redtificaticn of its Smoking quality, nor the Englifh oil of *

vitriol (which is known to be obtained by burning Sulphur, and i

* Crell Annalen 1785.

which »
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which does not fmoke), were found, by his trials, to be fuf*

ceptible of this fpecies of congelation. The acid, thus con-

gealed, has been called glacial, or icy oil of vitriol.

The other kind of congelation has been little noticed till

lately. To this congelation every kind of vitriolic acid is fub-

jedt, whether it fmokes or- not, and whether it has been pre-

pared from martial vitriol, or from fulphur, provided the

cold to which it is expofed be lufficiently intenfe : for the

cold, requinte for this fpecies of congelation, is confiderably

greater than what is fufficient for the former.

Mr. Macq^jer relates, in the fecond edition of his 'Dictionary

of Chemiftry *, that the Duke d’Ayen had obferved the conge-

lation of concentrated vitriolic acid, which had been expofed to a

cold expreffed by 13 or 14 degrees below o of Reaumur’s

fcale ; but that mixtures, con lifting of one part of the above-

mentioned concentrated acid, with two or more parts of water,

could not be frozen by the cold to which he expofed them, till

Te had diluted the acid fo much, that its denfity was to that

^f water as Jp4'j to 96; in which latter cafe of congelation,

^it is probable, that the water only did freeze, as it does in

dilute Solutions of neutral falts. M. de Morveau
-f-

has made

Timilar experiments, with a view to verify thofe of the Duke

d’Ayen, and with limilar fuccefs. By means of an intenfe

cold, produced by adding fpirit of nitre to pounded ice, he

•congealed a part of fome vitriolic acid, which he had pre- ,

vioully concentrated. He obferved, that although a very in-

tenfe cold had been employed to freeze the concentrated acid, it

neverthekfs remained congealed in much lefs degrees of cold,

and that it thawed very flowly. Laftly, lome experiments

* Article, Vitriolic Acid.

f Mem. de I’Acad. dc Dijon, pour 1782.

have
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have lately been made by Mr. Mc Nab, at Hudfon’s Bay, on

the congelation of acids by intenfe cold; an account of which

experiments is given in the Philofophical Tran factions for

1786, by Mr. Cavendish, at whole defire they had been

made. Thefe experiments are the more valuable, as the den-

sity of the acids employed, and the temperature, and other

concomitant circumftances, have been diflinclly noted; and

they are rendered Bill more interefting, by the very judicious

remarks made on them by Mr. Cavendish. It is there re-

lated, that a vitriolic acid, whofe fpecific gravity was to that

of water as 1843.7 to 1000, froze when expofed to a cold of

-
1

5

0
of Fahrenheit’s fcale

;
that another more dilute vitri-

olic acid, confifting of 629 parts of the former concentrated acid,

and 351 parts of water, congealed in a temperature of —36°;

and that when the acid was further diluted, it was found

capable of fufiaining a much greater cold without freezing.

In thefe experiments, as alio in thole of M. de Morveau, it

appeared, that the whole of the acid did not congeal, but that

part of it retained its fluidity. Mr. Cavendish found, on

examining the part which had congealed, and that which had

remained fluid, that they were nearly of the fame ftrength ;

and he is thence led to think, that the difference between them,

by which the one is more difpofed to congeal than the other,

does not depend on their different ffrengths, but on fome qua-

lity lefs obvious, and the fame which eonftitutes the difference

between glacial and common oil of vitriol. In all the experi-

ments which had been made by the Duke d’Ayen, M. de

Morveau, and Mr. Mc Nab, the vitriolic acid, when ftrong,

had frozen with lefs cold than when diluted ; but thefe experi-

ments did not enable Mr. Cavendish to determine, whether

this acid has any determinate ftrength or point oj eafieftfreezing

Vol. LXXVII. R r (fuch



2jo Mr. Ketr’s Experiments on

(fuch as he had difcovered to be pofleffed by fpirit of nitre),

or whether the cold requifite for congelation does not con-

tinually diminifh, as the ftrength of the acid increafes, without

limitation. This latter opinion he thinks the mod: probable,

from the circumftance of the Duke d’Ayen’s and M. de Mor-

veau’s acids having frozen with a confiderably lefs intenfe*

cold than thole of Mr. Mc Nab, which, he fuppofes, were

weaker, as the former acids had been concentrated purpofely.

The obfervations which I have made, and am going to relate,

apply lolely to the latter kind of congelation of the vitriolic

acid, as the acid which I employed was of the kind that is

prepared by burning fulphur, and is commonly fold in Eng-

land under the name of oil of vitriol, and was perfeflly free

from colour, fmell, or fmoking quality. After a fevere frofl

at the end of the year 1784, and beginning of 1785, I ob-

ferved that fome vitriolic acid, contained in a corked phial, had

congealed ; while other parcels of the fame acid, fome Wronger

and fome weaker, equally expofed to the cold, had remained

fluid. As I imputed the congelation to the great intenflty of

the cold, I was afterwards much furprifed, when the frofl

ceafed, to find that the acid remained frozen during many days,

when the temperature of the air was fometimes above 40° of

Fahrenheit’s fcale; and when the congealed acid was

brought into a warm room, purpofely to thaw it, a thermo-

meter, placed in contact with it during its thawing, continued

ftationary at 45
0

. From thefe circumftances I concluded, that

the freezing and thawing point of this acid was very near the

laft mentioned degree ; and, accordingly, upon expofing the

liquor which had been thawed to the air, at the temperature of

30°, the congelation again took place in a few hours. From
the circumflance of other parcels of the fame acid, but of

4 different
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different flrengths, remaining fluid, although they had been

expofed to a much greater cold than was neceflary for the con-

gelation of that acid liquor which had frozen, I was led to

believe, that there mud: be fome certain flrength at which the

vitriolic acid was more dilpofed to freeze than at any other,

greater or lefs. I knew that the fpecific gravity of the acid which

had frozen was nearly to that of water as 1800 to 1000, and that

of the flronger acid, which had not frozen, was as 1846 to

1000 ; which laft is the ufual denflty of the oil of vitriol coinr

monly fold in England. I knew alfo, that the acid which had

frozen was in no refpedt hut in flrength different from the

flronger acid which had retained its fluidity ; having myfelf,

fome weeks before, taken the former acid from the bottle con-

taining the latter, and diluted it with water till it was reduced

to the fpecific gravity of 1800.

Although from the above obfervations I was convinced of

the propofition generally, that the vitriolic acid is moft dif-

pofed to freeze when at a certain flrength, and then it is fuf-

ceptible of congelation by means of much lefs cold than has

been hitherto imagined
;

yet, as only part of my acid had

frozen, I could not with certainty know the flrength of the

frozen part, and I therefore was not able to ftate, with any

accuracy, the degree of flrength mofl favourable to congela-

tion, nor the limits of flrength within which the acid may be

congealed by fuch moderate cold. In the following winter I

had not leifure to purlue the fubjeft ; but fince the commence-

ment of the prefent year, I have verified my former obferva-

tion with more attention to the exaft denfities of the acids

;

and I have found, that the point of flrength mofl favourable

to congelation is very determinate, and that a very fmall varia-

tion above or below that point renders the acid incapable of

freezing without a confiderable augmentation of cold. As the

R r 2 acid,
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acid, when brought to the proper flrength, was capable of

freezing with lefs cold than water does, I immerfed feveral

acids of different ftrengths in melting fnow, infiead of expo-

ling them to the air, the temperature of which was variable,

whereas that of melting fnow was conftant and determinate.

Thofe acids which would not freeze in melting fnow, were

afterwards immerfed in a mixture of fnow, water, and com-

mon fait, the temperature of which was not fo conilant and

determinate as that of melting fnow ; but it generally remained

for feveral hours at about 18
0
, and was fometimes feveral degrees

lower. The intention of adding water to the fnow and fait

was to lelfen the intenfity of the cold of this mixture, and to

render it more permanent than if the fnow and fait alone were

mixed.

The acids which had frozen in melting fnow, and which

were five in number, having been thawred and brought to the

temperature of 6o°, were found on examination to have the

following fpecific gravities.

1786

1784

1780

1778

1775

Thole acids which would not freeze in melting fnow, but

which froze when immerfed in fnow, water, and fait, having

been expofed to a greater cold, were of a greater latitude of

denfity. Their fpecific gravities, when brought to the tempera-

ture of 6o°, were found to be exprelfed by the following

numbers.

1 804

1814

1810
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1804

1794

1790

1770

1 75 9

*75°

The acids which remained, and which would not freeze

either in melting fnovv, or in the mixture of fnow, fait, and

water, were found on examination to

cific gravities. 1846

1 839

1815

1 745

1720

1 700

1610

1 55 1

It appears, from the firft table of fpecific gravities, that the

medium denfity of the acids which did freeze with the cold of

melting fnow was 1780 ; and from the fecond table it appears,

that, at the denfities of 1790 and 1770, the acid had been

incapable of freezing with that degree of cold. Hence it fol-

lows, that 1780 is nearly the ftrength or denfity of eafieft

freezing; and that an increal'e or diminution of that denfity,

equal to T^.Tth part, renders the acid incapable of freezing

with the cold of melting fnow, notwithftanding this cold is

fome degrees above the freezing point of the moft congelable

acid. From the fecond table of fpecific gravities it appears,

that by applying a more intenfe cold, namely, that produced

by a mixture of fnow, fait, and water, the limits of the den-

fity of the acids capable of congelation were extended to about

_l_j. above or below the point of eafieft freezing : and there

feems

have the following fpe-
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feems little reafon to doubt, that, by greater augmentations of

cold, thefe limits may be further extended ; but in what ratio

thefe augmentations and extenfions proceed cannot be determined

without many obfervations made in different temperatures.

Although it is probable, that the moft concentrated acids

may be frozen, provided the cold be fufficiently intenfe, yet

there feems to me reafon to believe, that fome of the congela-

tions which have been obferved in highly concentrated acids

have been effected in confequence of the denfity of thefe acids

having been reduced nearly to the point of eafy freezing by

their having abforbed moifture from the air : for the Duke

d’Ayen and M. deMorveau expofed their acids to the air, in

cups or opeai veffels ; and the latter author even acquaints us,

that, on examining the fpecific gravity of the acid which had

frozen, he found it to be to that of water as 129 to 74 ; which

denfity being lefs than the point of eafieft freezing, proves that

the acid which he employed, and which he had previouflv

concentrated, had actually been weakened during the experi-

ment. I have feveral times expofed concentrated oil of vitriol in

open veffels in frofty weather; and I have fometimes, but not

always, obferved a congelation take place. Upon feparating the

fluid from the congealed part, and upon examining the fpecific

gravity of the latter, after it had thawed, I found that it had

been reduced to the ftandard of eafieft: freezing. When the

congealed acid was kept longer expofed, it gradually thawed,

even when the cold of the air increafed ; the reafon of which

is not to be imputed to the heat produced by the moifture of

the air mixing with the acid, for this caufe operated during

the congelation, but principally to the diminution of denfity

below the point of eafy freezing, which was occafioned by the

continued abforption of moifture from the air, and which

rendered
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rendered the acid incapable of continuing frozen without a

great increafe of cold.

It appears then, that the concentration of M. de Mor-
veau’s acid, at the time of its congelation, from which cir-

cumdance Mr. Cavendish infers generally, that the vitriolic

acid freezes more ealily as it is more denfe, is not a true pre-

mile
; and that therefore the inference, though judly deduced,

is invalid. On the contrary, there feems every real'011 to be-

lieve, from the analogy of my experiments above mentioned,

that as the denfity of the acid increafes beyond the point of

ealieft freezing, the facility of the congelation diminifhes
; at

lead, to as great denlity as we have been ever able to obtain

the vitriolic acid ; for if it were pollible to dived: it intirely of

water, it would probably affume a folid date in any tempera-

ture of the air.

The crydallization of the frozen vitriolic acid is more or lefs

didiind, according to the downefs of its formation, and other

favourable circumdances. Sometimes the crydals are very

didinTly (haped, large, and very hard. Their form is the

fame as the common form of mineral alkali and of felenitic

fpar, but with angles different in dimenfions from either of

thefe. They are folids confiding of ten faces, of which the

two larged are equal, parallel, and oppolite to each other, and

are oblique-angled parallelograms or rhomboids, whole angles

are, as near as I could meafure them, of 105 and 75 degrees.

Between thefe two rhomboidal faces are placed eight faces of

the form of trapeziums. Thus each crydal may be fuppofed

to be compofed of two equal and limilar frudums of pyramids

joined together by their rhomboidal bales. I obferved, that the

crydals always funk in the fluid acid to the bottom of the vedel,

which (hewed that their denfity was increafed by congelation.

I thought
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1 thought of afcertaining their fpecific gravity by adding gra-

dually to this fluid part fome concentrated vitriolic acid, till

the crystals Should float in the liquor, the examination of

whole fpecific gravity would determine that of the floating cry-

stals. But 1 was furprifed to And, that the cryltals funk even

in the concentrated acid, and confequently were denfer. I

then poured fome of the congelable acid, previoufly brought

to the freezing temperature, into a graduated narrow cylin-

drical glafs, up to a certain mark, which indicated a lpace

equal to that occupied by 200 grains of water. The glafs was

placed in a mixture of fnow, fait, and water, and when the

acid was frozen, a mark was made 011 the part of the glafs to*

which the acid had funk. Having thawed the acid, and

emptied the glafs, 1 filled it with water to the mark to which

the acid had funk by freezing, and I found, that fifteen grains

more of water were required to raife it to the mark exprefling

200 grains ; which fhews, that the diminution of bulk, luf-

tained by the acid in freezing, had been equal to ~ of the
• y

1 3 * 3

whole.

Computing from this datum
, we Ihould eflimate the fpecific

gravity of the congealed acid to have been 1924; but as it

contained evidently a great number of bubbles, its real fpecific

gravity mtlft be considerably greater than the above determina-

tion, and cannot eafily be afcertained on account of thefe bub-

bles. By way of companion, I obferved the alteration of

bulk which water contained in the fame cylindrical glafs would

fuffer by freezing
; and I found that its expansion was equal to

about T
J-th part of its bulk. The water had been previoufly

boiled ;
but it neverthelefs contained numberlefs bubbles. In

this refpe6f then there is a remarkable difference between the

congelations of water and of vitriolic .acid ; but, perhaps, the

difference
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difference arifes principally from the bubbles of elafbic fluid,

which may be in greater quantity, and may add more to the

bulk of the water than of the acid.

Greater cold is produced by mixing fnow or pounded ice with

the congealed than with the fluid acid, but the quantity I

have not determined. There is reafon to believe it may be

confiderable. In the experiments made at Hudfon’s Bay, by

Mr. M c Nab, the greatefl: cold which he had produced by

mixing acids with fnow, was effected by a vitriolic acid which

had previoufly congealed; and to this circumftance of the

congelation of the acid, Mr. Cavendish juflly imputes the

intenfity of the cold, as the liquefaction of both the frozen

acid and the fnow had concurred towards this efteCt ; whereas,

in mixing fluid acids with fnow, the thawing of the fnow is

probably the foie productive caufe.

I was defirous of comparing the times required for the lique-

faction of ice and of congealed acid, when both were expofed

to the fame temperature. For this purpofe I filled two equal

and fimilar cylindrical glafies; one with the congelable vitriolic

acid, and the other with water ; and, after having immerfed

them in a freezing mixture till both fluids were frozen, and

reduced to the temperature of 28% I withdrew the glafles from

the freezing mixture, wiped them dry, and placed them toge-

ther in a room, where the thermometer flood at 62°. In 40

minutes the ice wT

as thawed, and in 95 minutes the acid was

liquefied, at the end of which time the thermometer, which

flood near the glafles, had rifen to 64°. It appears then, that

the congealed acid requires more than twice the time for its

liquefaClion, when expofed to that temperature, that ice does ;

but I do not think that we can infer, that the heats abforbed

and rendered latent
,

as fome late philofophers exprefs them-

Vol. LXXVII. Sf felves

;
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felves
; or, in other words, that the cold generated by the

liquefa&ion of ice and of congealed acid are in the above

proportion of the times, from the following consideration

;

that, as during the liquefaction of the ice, its temperature

remains Stationary at 32
0
,
and during the liquefaction of the

acid, its temperature remains about 44
0 or 45

0
,
the ice, being

considerably colder than the acid, will take the heat from the

contiguous air much fatter.

The experiment does however (hew, that a confiderable

quantity of cold is generated by the liquefaction of this acid ;

and hence it appears probable, that in making experiments of

producing cold artificially, by mixing fnow with acids in very

cold temperatures, it would probably be ufeful to employ a

vitriolic acid of the proper denfity for congelation, and to

freeze it previoufly to its mixture with fnow.

It muff: not, however, be imagined, that the cold generated

by the mixture of thefe two frozen fubftances is nearly equal

to the fums of the colds generated by the feparate liquefactions

of the congealed acid and ice, when Singly expofed to a thaw-

ing temperature : for the mixture refulting from the lique-

faction, confuting of the vitriolic acid and the water of the

fnow, appears, from the generation of heat which occurs in the

mixture of thefe ingredients in a fluid Slate, to be fubject: to

different laws relatively to heat, than either of the ingredients

feparately. And the heat, thus generated, as foon as the

congealed acid and ice are brought to a fluid ffate, muff coun-

teract:, in fome meafure, the cold produced by the lique-

faction.

The vitriolic acid, like water and other fluids, is capable of

retaining its fluidity when cooled confiderably below its freez-

ing point. I placed a phial, containing fome congelable

vitriolic
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vitriolic acid, in a mixture of fait, fnow, and water ; and foon

afterwards, while the acid was yet fluid, I immerfed in it a

thermometer, the mercury of which quickly funk from 50°

to 29°. While I was moving the thermometer in the fluid, in

order to make it acquire the exa£t temperature, I law the mer-

cury fuddenly rife, and upon looking at the acid, I obferved

numberlefs finall cryfhals floating in it, which had been fud-

denly formed. The degree to which the mercury then rofe was
46° j. Another time, while the acid was freezing, the thermo-

meter placed in it flood at 45
0

.

From the above obfervations, the following inferences may
be drawn.

1 ft, That the vitriolic acid has a point of eafiefl freezing ;

that is, there is a certain ftreugth or denfity, at which this acid

freezes with conliderably lels cold than at any other ftrength,

greater or lefs ; and that this denfity is nearly to that of water as

1 780 is to 1000.

2dly, That the greater or lefs difpofltion of congelation of

the vitriolic acid, which is free from the fmoking quality that

is peculiar to the acid obtained by diftilling martial vitriol, does

not depend on any other quality or circumftance than its

ftrength or denfity.

^dly, That the freezing and thawing degree of the moft

congelable acid is about 45
0 of Fahrenheit’s fcale. It is,

however, to be obferved, that this degree is inferred from the

temperature indicated by the thermometers immerfed in the

freezing and thawing acids ; but that I never effected the con-

gelation of the fluid acid, without expofmg it to a greater cold,

namely, either that of melting fnow, or of the external air in

frofty weather.

S f 2 Like
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Like water, this acid poflefles the property of retaining its

fluidity when cooled feveral degrees below its freezing point

;

and of riling fuddenly to this point, when its congelation is

promoted by agitation, or by contact with even a warmer

thermometer.

4thly, That, like water and other congelabte fluids, the

vitriolic acid generates cold during its liquefaction, and heat

during its congelation ; the quantity of which heat and cold,

fo generated, remains to be determined by future experiments.

5 thly ,
That the acid, by congelation, when the circum-

ftances for didinCl crydallization are favourable, affumes a

regular crydalline form, a confiderable folidity and bardnefs,

and a denfity much greater than it poflefled in a fluid ftate.

With refpeCt to the firft mentioned fpecies of congelation,

which is peculiar to the fmoking vitriolic acid that is procured

from martial vitriol, although I have had no opportunity of

feeing it, as all the vitriolic acid, that is ufed in this country,

is obtained by burning lulphur, yet I will beg leave to fug-

ged, that it may be worth the attention of thofe chemids to

whom it occurs, to obferve more accurately than has been

done, the freezing temperature and the denfity of the con^

gelable acids ;
and to examine whether the denfity of this

fmoking acid alfo is connected with the glacial property. It

feems further to be deferving of invedigation, whether there

is not fome analogy between the congelation of the fmoking

oil of vitriol, and the very curious crydallization which Dr.

Priestley obferved in a concentrated vitriolic acid, faturated

with nitrous acid vapours and whether this fmoking quality

does

* Experiments and Obfervations relating to various Branches of Natural

Philofophy,
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does not proceed from fome marine or other volatile acid,

which may be contained in the martial vitriol, whence the

vitriolic acid is obtained.

Philofophy, vol. I. p. 26. and 450. M. Cornette has alfo effe&ed the cry-

flallization of vitriolic acid by drilling it with nitrous acid and charcoal.. Me-

moir. de l’Acad. des Scienc„ Paris, pour 1779.
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XXVI. An Account offome new Experiments on the Production

of artifical Cold. In a Letter jrom Thomas Beddoes,

M. D. to Sir Jofeph Banks, Bart. P. R. S.

Read May io, 1787.

DEAR SIR, Oxford, May 2, 1787.

M R. Walker, Apothecary to the RadclifFe Infirmary

here, has been engaged upwards of a year in a feries

of experiments on the means of producing artificial cold, feve-

ralof which feem to me to be very remarkable, and fuch as, con-

fldering their novelty, and the attention which has lately been

paid to this fubje£t, I flatter myfelf, will be found to deferve a

place among the Tranfadtions of the Society over which you

Mr. Walker, in his firft experiments, found, as Boer-

haave had done before him, that fal ammoniac, as well

as nitre, well dried in a crucible, and reduced to a fine powder,

will produce a greater degree of cold than if they had not re-

ceived this treatment. But Bof.rhaave, by fal ammoniac,

lowered the temperature of water only by 28°; whereas Mr.

Walker obferved his thermometer to fall 32
0
,
and when he

ufed nitre 19
0
. It occurred to him, that the combination of

thefe fubftances would produce a greater effedt than either fepa-

rately : and he found that this was really the cafe. A pro-

pofal for freezing water in fummer, mentioned by Dr. Wat-
son (Eflays, III. 139-) determined him to attempt the fame

thing
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thing in this way. Accordingly, April 28, 1786, the ther-

mometer {landing at 47
0

,
he made a folution of a powder,

confiding of equal parts of fal ammoniac and nitre, in a bafon,

by means of which he cooled fome water, contained in a

glafs tumbler, to 220
. To this he added fome of the fame

powder, and immerfed two very fmali phials in it
; one con-

taining boiled, the other unboiled water ; when he foon found

the water in the phials to be frozen, the unboiled freezing

firfl.

Having obferved that Glaubf.r’s fait, when it retains its

water of cryflallization, produces cold during its folution, he

thought 0/ adding this to his other powers, and July 18,

1 786, reduced the thermometer 46 degrees. In this experiment

the following proportions were ufed : the temperature of the

air being 65°, to water four ounces, at 63°, were added,

Of fal ammoniac
^

xi thermometer funk to 32
0
,
that is, 31

0

Of nitre
^

x - - - 24
0
, that is, 8°

Of Glauber’s falts
g

ij - - 17’, that is, 7
0

* 46°

In this way he froze water on a day fo hot that the ther-

mometer in the fhade flood at 70°. By firfl cooling the falts

and water in one mixture, and then making another of thefe

cooled materials, he funk the thermometer 64 degrees.

Augufl 28. The temperature of the air being 65°, half an

ounce of redlified fpirit of wine was diluted with three ounces

and an half of water, and immerfed in the fame frigorific

mixture. When cooled to 24% it began to freeze. A quan-

tity of the neutral falts, likewife cooled in the mixture, were

put into the diluted fpirit, when the thermometer fell to - 4%
fo that the liquor was cooled 69 degrees.

7 Spirit
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Spirit of nitre* diluted in the manner defcribed by Mr.

Cavendish (Phil. Tranf. vol. LXXVI. part I.), having re-

duced the thermometer to - 3
0

,
fal ammoniac was added,

upon which it fell to - 15
0
.

Nitrated volatile alkali, during its folution in water, reduced

the thermometer 35 degrees (from 50° to 15°); but the cold

was not increafed by fal ammoniac or nitre.

Mr. Walker’s mod: remarkable experiment wTas made on

the 2 1 {1 of March, 1787, when he found that nitrous acid,

when poured upon Glauber’s fait, produced effects nearly

the fame as when it is poured on pounded ice ; and that the

cold, thus produced, is rendered hill more intenfe by the addi-

tion of fal ammoniac in powder.

Mr. Walker, by many trials, difcovered that the bed:

proportion of thefe ingredients is the following : of concen-

trated nitrous acid, 2 parts by weight, of water 1 part ; of

this mixture cooled to the temperature of the atmofphere

eighteen ounces, of Glauber’s fait a pound and an half (avoir-

dupois), and of fal ammoniac twelve ounces. On adding the

Glauber’s fait to the nitrous acid, thus diluted, the thermo-

meter fell from 4-51° to - i°, or 52 degrees; and on adding

the fal ammoniac it fell to - 9
0

, that is full 60 degrees. Ni-

trated volatile alkali, employed indead of fal ammoniac, pro-

duced a cold rather more intenfe.

By means of this mixture, in a very few minutes, in the elabo-

ratory before the clafs, I froze fome fpirits above proof, di-

luted with an equal bulk of water ; and another gentleman

this day funk the thermometer 68 degrees.

On April 20, 1787* Mr. Walker effected the congelation

of quickfilver by a combination of thefe mixtures, without a

particle of fnow or ice. When he began his experiment the

temperature
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temperature of the mercury was 45
0
, fo that, the freezing point

ofthat metal being - 39°, there were produced 84 degrees of cold.

This experiment was performed as follows. Four pans, of

fizes progreftivsly diminifhing, fo that one might be placed

within the other, were procured. The largeft of thefe pans

was placed in another veiled Hill larger, in which the materials

for the fecond frigorific mixture were thinly fpread, in order to

be cooled. The fecond pan, containing the liquor (viz. vitrio-

lic acid, properly diluted) was placed in the largeft pan. The
third pan, containing the falts for the third mixture, was im-

merfed in the liquor of the fecond pan ; and the liquor for

the third mixture was put into wide-mouthed phials, which
were immerfed in the fecond pan likewife, and floated round

the third pan. The fourth pan, which-was the fmalleft of

all, containing its cooling materials, was placed in the midft of

the falts of the third pan.

Of the materials for the mixtures to be made in thefe four

pans, the firftatid fecond conlifted of diluted vitriolic acid and

Glauber’s fait, the third and fourth of diluted nitrous acid,

Glauber’s fait and fal ammoniac, in the proportions afligned.

The pans being adjufted in the manner above delcribed, the

materials of the firft and largeft pan were mixed : this mixture

reduced the thermometer to +10, and cooled the liquor in the

fecond pan to -j- 20 ; and the falts for the fecond mixture, which

were placed underneath in the large veflfel, nearty as much.

The fecond mixture was then made with the materials thus

cooled, and it reduced the thermometer to 3
0

. The ingredients

of the third mixture, by immerfion in this, were cooled to

+ io°, and when mixed reduced the thermometer to — 15
0
.

The materials for the fourth mixture were cooled by immerfon

in this third mixture to about - 1 2
0

. On mixing they made

the mercury in the thermometer fink rapidly, and as it

Vol. LXXVI 1 . T t
’

appeared
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appeared to Mr. Walker, below —40", Its thread deemed to

he divided below that point ; but the froth occalioned by the

ebullition of the materials prevented* his making fo accurate

an observation, as he could have wifhed.

The reafon why this lad mixture reduced the thermometer

more than the third, though both were of the fame materials,

and the lad at a lower temperature, Mr. Walker imagines-

to have been partly becaufe the fourth pan had not another

immerfed in it to give it heat, and partly becaule the mate*'

rials were reduced to a finer powder.

I fhould imagine, that mercury reduced to its freezing point

will freeze more quickly than water reduced to its freezing-

point, becaufe it appears, from experiments on their capacity

for heat, that the latter of thefe bodies has lo much more

latent heat in its liquid date; which greater quantity of latent

heat mud, as it becomes fenfible, more retard the congelation.-

I forbear to enumerate many variations of thefe experiments

which Mr. Walker has among his notes; but there is one

mixture which, though its power is not equal to that which I

have lad defcribed, may prove very l'erviceable in experiments

of this nature, on account of its cheapnefs. It confids of oil of

vitriol diluted with an equal weight of water : added to Glau-

ber’s fait, it produces about 46 degrees of cold.. The addition

of fal ammoniac renders it more intenfe by a few degrees. One

remarkable circumdance occurred to Mr. Walker, as he was

endeavouring to afcertain the bed drength of the vitriolic acid :

he happened to be trying a mixture of two parts of oil of

vitriol and one of water, when he obferved, that, at the tem-

perature of 35
0

, the mixture coagulated as if frozen, and the

thermometer became dationary ; but, on adding more Glau-

ber’s fait, it fell again, after fome little time, but fo great a

5 cold
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cold was not produced as when this circum(lance did not occur,

and when the acid was weaker. 'I he fame appearance of

congelation took place with other proportions of acid and

water, at other temperatures.

Mineral alkali, when it retained its water of crydallization,

added to fome of thefe mixtures heightened their effe&s. But
when it had lod this water, it rather produced heat than cold ;

and the fame thing is alfo true of Glauber’s fait. This cir-

cumdance leads us, in fome meafure, to the theory of thefe

phenomena. Water undoubtedly exids in a folid date in cry-

dais
;

it mud therefore, as in other cafes, abforb a determi-

nate quantity of fire, before it can return to its liquid date.

On this depends the difference between Glauber’s fait and

fodil alkali in their different dates of crydallization and efflo-

refcence. The fame circumdance too enables us to underdand

the great effect of Glauber’s fait, which, as far as I recoi-

led, has the greated quantity of water of crydallization.

Thofe, therefore, who (hall choofeto purfue the path which

Air. Walker has opened to them, would do well to try com-

binations of falts containing much water of crydallization ;

but they mud take care led the effect (hould be diminiflied or

dedroyed by the formation of compounds that fix a fmaller

quantity of fire. It is, however, but judice to Mr. Walker
to obferve, that he has carried his experiments in this way

very far, and with great ingenuity.

I have the honour to be, &c.

THOMAS BEDDOES.

T t 2
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XXVII. An Account of a Doubler of EleCtricity, or a Machine

by which the leaf conceivable Quantity of pofitive or negative

Electricity may be continually doubled', till it becomes perceptible

by common Electrometers ,
or vijible in Sparks. By the Rev.

Abraham Ben net, M. A. ;
communicated by the Rev. Richard

Kaye, LL.D. F. R. S.

Read May ic, 1787.

T HE great importance of a machine for the pnrpofe of

detecting very minute quantities of eleCtricity has oc-

curred to many of the cultivators of this fcience ; as by fuch

an afliRant not only many chemical combinations or folutions,

but alfo many yet unexplained atmofpherical phenomena, may

become intelligible.

The labours of M. Volta have been very fuccefsful on this

fubjeCt by the application of his condenfer (as he terms it),

which, by means of a thin- coated electric, is capable of re-

ceiving a greater quantity of the electrical fluid than a com-

mon inl'ulated conductor, and rendering it perceptible by fepa-

rating the pofitive and negative fldes of the charged plate. On
this ingenious contrivance Mr. Cavallo made a very confi-

derable improvement by transferring the received quantity of

eleCtricity from a larger to a fmaller condenfer, as explained in

the Phil. Tranf. Vol. LXX1I.

Notwithftanding the very great fenfibility of this apparatus,

the eleCtricity of the atmofphere is fometimes too weak to be

dilcoverable by it : for inRance, in fome fhowers, when the

negative Rate of the falling rain is nearly equal to the pofi-

tive Rate of the air. Add to this the trouble of keeping an

infulated and elevated conductor fufficiently dry, and the dan-

ger
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ge*r of it in a thunder-florin. I therefore contrived the fol-

lowing doubler for the purpofe of more eafily making an

eleCtrico-meteorological diary, which I undertook at the requeft

of my friend Dr. Darwin, who hoped, that from thence fome

lights might be thrown on tiie caufes of the fudden changes of

aerial currents, a circumftance of fo much importance to the

early growth and maturity of vegetation.

I place upon my electrometer, deferibed in a former Part

of the Philofophical Tran faCtions, a circular brafs plate, three

or four inches in diameter, polifhed and thinly varnifhed on

the upper furface. On this I place another brafs plate, of

equal diameter, polifhed and varnifhed on both Tides, with an

infulating handle attached to one edge of it. A third plate is

alfo provided, of equal diameter, polifhed and varnifhed on the

under Tide, and with a perpendicular infulating handle from the

center of the upper Tide, fimilar to thofe mentioned in the

Appendix to my laft Paper.

The method of collecting eleCtricity from the atmofphere,

and continually doubling it as much as required, is as follows.

It the weather be dry, I carry into the open air a lighted torch,

not liable to be eafily blown out, or a fmall lantern with a

lighted candle in it, to the bottom of which is fixed, by means

of a Tocket, an infulating handle of glafs covered with fealing-

wax ; in the other hand is carried a coated phial : then, ele-

vating the flame a little higher than my head, I apply to it

the knob of the phial, holding it in this lituation about half a

minute. Then returning into the houfe (where the above

deferibed doubler is kept dry, by being placed on a table not

far from the fire), I apply the knob of the phial to the under

fide of the firfl: plate, which lies immediately upon the electro-

meter, and at the fame time touching the fecond plate with a

finger of the other hand. Then laying afide the phial, I lift up

the
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the fecond plate by its mfulating handle, and if the electricity

be not now fenfible by the electrometer, I place the third plate,

by means of its mfulating handle, upon the fecond plate, thus

elevated: then touching the third plate, by firetching a huger

over the juncture of its inhibiting handle, and again with-

drawing the finger, 1 then again feparate the third plate from

the fecond. In this fituation it will be apparent to electricians

that two of the 'plate-s are of one kind of eleCtricity, and

nearly of equal quantity, and one only of the other. I then

apply the third plate to touch the under furface of the firft

plate which remains on the electrometer, and at the fame time

covering the firft plate with the fecond, I then touch the fecond

plate by firetching a finger over the juncture of its infulating

ha idle ; and firft taking away the third plate, and then with-

drawing my finger from the fecond, and lifting it up from the

firft plate, the eleCtricity becomes doubled. If by this firft

operation the quantity of eleCtricity does not become fen-

fible by the electrometer, I repeat the procefs to ten or

twenty times, which, by doubling it every time, makes vifible

the fmalleft conceivable quantity of eleCtricity, fince, at the

twentieth operation, it is augmented to above 500,000 times.

And though in defcription the above procefs of doubling to

twenty times may appear tedious, yet when the operator can

perform it with fufficient readinefs (which is foon acquired)

it takes lefs time than 40 feconds. The collection of eleCtricity

from the air, and the touching and pofition of the plates, are

reprefented in Tab. XI figures 1. 2. 3. 4. 5. and 6.

If it be required to produce fparks, the plates are to be

placed upon an infulating ftand, without an electrometer, and

the procefs repeated as above till the fparks appear.

The experiment which proves that the eleCtricity is doubled

by each operation is this. If the two flips of pendulous leaf

gold
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gold of the eledtrometer be made to diverge to a certain diltance

by tire above procefs, that diftance will be nearly doubled by
'

repeating the operation. Another proof of this duplicate

accumulation is, that, when the third plate is applied to the

firft, the divergency of the leat gold is apparently undimi-

ni died, though in this fituation their electricity is dittuied over

double the quantity of furface.

That flame will collect electricity better than points was

mentioned in my former Paper, and is very evident if two

phials of equal capacity are expofed to the air, the one fur-

nifhed with a (harp point, and the other having its knob applied

to an infulated flame, and their electricity afterwards examined

by the doubler.

If the weather be rainy, an infulated umbrella may be carried

in one hand, and the knob of the phial applied to the upper and

infulated part of the handle; and if it rains fo flow ly as not

lufficiently to communicate electricity to the umbrella, a torch

is carried under the umbrella, and ufed as deferibed above.

It is obvious that fome caution is neceflary in managing ex-

periments of fo much nicety, Alice,, by the lead: friction of the

hand on the varnifhed lides of the plates or infulating handles,

or if the metallic tide of one plate be accidentally rubbed

againfl: the varnifhed fide of the other, fome degree of electri-

city is produced, which, becoming fenfible by the operation of

doubling, may render the experiments equivocal.

To obviate thefe inconveniencies, I join a conducting handle,

by means of an infulating nut, to each of the plates. This

handle confifls of turned unbaked mahogany, about three

inches long, into one end of which is inferted a nut of baked

wood, about half an inch long, covered with fealing-wax,

upon the other end of which nut the brafs focket of the plate

is fixed ; by this means it is not neceflary to touch the fealing-

wax
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wax of the infulating nut, but occafionally to ftretch a fingei

over it to touch the plate, whilft the mahogany handle is held

ill the fame hand.

Having found, by repeated experiments, that two clean me-

tallic plates, or two equally varnifhed plates, rubbed together,

produced no electricity, I varnifhed the fecond plate gh both

iides, but more thinly than when one fide only was varnifhed,

and in fome experiments ufed thimbles on the ends of the

touching fingers. In this way the inconveniencies of accidental

friction were in fome meafure obviated, but much lefs than I

fir ft expected ; for, notwithftanding the utmoft care, eleCtricity

is produced without previous communication : therefore, in ex-

periments requiring the eleCtricity to be often doubled, its com-

munication may yet be afeertained by applying it to the firft

and fecond plates alternately; fo that pofitive eleCtricity com-

municated to the firft plate appears pofitive by the electrometer;

but the fame eleCtricity, applied to the fecond plate whilft the

firft is touched, produces negative in the electrometer.

I beg leave to add, that this method of doubling either pofitive

or negative eleCtricity, as well as M. Volta’s condenfer, with

Mr. Cavalllo’s improvement on it, as alfo the ingenious experi-

ments of Father Beccaria with double plates of glafs, which he

feparated after charging, are all of them to be explained from the

lame principles with the Leyden bottle, of which they may

be all faid to be only different applications. I fhall not therefore

trouble the Society with any further theory on this fubjeCt, but

proceed to lay before them the diary which I have hitherto

kept, and during which time I have found no difficulty in col-

lecting eleCtricity from the atmofphere pofitive or negative, fo

as to become fufficiently fenfible by the above deferibed appara-

tus, though the hygrometer has fometimes fhewn the greateft

degree of moifture. '

>

Diary
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Diary of atmofpherical Ele&ricity.

Time of obfervation.

\

Weather. Winds.
Baro-

meter.

Thermo-
meter.

Hygro-
meter.

Electri-

city.

Inllruments to

coiled:. Number of times doubled, and other obfervations.

r 7 S 7 .

Jan. 23. 11 o’clock morning Cloudy W. moderate

in.

29-3
0

44

In.

of M Pofttive Torth and bottle Plate once lifted up.
Ditto. ^

_

Ditto.

24. i paft 10 morning
25. 1 1 morning

Thin clouds
Thin clouds

N. moderate

E. gentle
29 44
29 S'

42
37

of M
of D

Pofitive

Pofitive

l D°
D°

25. 12 at night Hard froft and aurora borealis E. gentle 29.56 38 Of D Pofitive D° Ditto, no ftronger than before.

26. 1 1 mowing Clear froft N. gentle 29-5 3 8 of D Pofitive D° Ditto ; a ftrong bottle was this day tried, which appeared to colled as well as any.
Doubled.,26. 4 palt 8 at night Beginning to fnow N.E. brifk 29-5 37 of D Pofitive Umbrella

27. 1 1 morning Cloudy and likely to fnow N.E. gentle 29.2 35 of D Pofitive Torch and bottle Plate once lifted up.

28. 10 morning Snowing S.E. ftrong 28.8 28 of D Negative Umbrella and torch Ditto.

28. 40 min. paft 12 noon Snowing very little S.E brifk 28.5 28 of D Pofitive Torch and bottle Doubled.
28. II at night. Fair, but over- call S. gentle 29.06 37 0 Pofitive D° Plate once lifted up; divergency of the leaf gold very great.

Ditto, but weaker.29- IO morning Small rain and mift on the hills S. brifk 29.06 3 8 3fM Negative D°
29. § paft 10 morning Rain ceafed D“ 29 06

38 3£M Pofitive D° Four times doubled.

29. 3 afternoon. Few drops of rain S. ftrong 29.06 41 5*M Pofitive D° Plate once lifted up.

30. 45 min. paft 10 morning Fair, but over-caft S. ftrong 29.45 44 6f M Pofitive D° Ditto.

3O. 11 morning D 3 D’ 29.44 46 7 fM Pofitive D° Ditto; the hygrometer was higher than known during above three years.
31. 10 morning Fair and clear. S.W. gentle 29 55 44 3f M Pofitive D°

-r\ • ^ *

Ditto.

Feb. I. 9 morning Thick mill with fine drops of rain Calm 29-53 46 2|M Pofitive Umbrella and torch Three times doubled.
1. 1 1 morning Thick mift S.W. gentle D u

D° D" Pofitive Kite Strong fparks were produced from a Hiring 260 yards long, with brafs wire in it.
2. 1 1 morning Thick mift S.W. gentle 29.4 44 if M Pofitive Torch and bottle Plate once lifted up, very ftrong.

3. 10 morning Heavy clouds S.W. brifk 29.2 46 3IM Pofitive D° Ditto, alfo very ftrong.

3. | paft 1 1 morning

4. 8 morning
Small rain

Clear and frofty

S.W. ftrong

Calm

D°

29-3

D°

42

D°
of D

Negative

Pofitive

Umbrella

Torch and bottle

Twice doubled; a few minutes after the torch was tried, when the rain had ceafed, and a much ftronger pofitive was produced.
Plate once lifted up.

r

5, 4 paft -io morning Thick mift on the hills S.E. gentle 29.26
38 Of M Pofitive D° Ditto, ftrong.

6. 10 morning Thick mift and few drops of rain S. gentle 29 12 40 1 M Pofitive D° So ftrong as twice to ftrike the fides of the electrometer, and fenfible without the plates.

Plate once lifted up.7. § paft 10 morning Cloudy S.W. brifk 28.7 46 5? M Pofitive D°
7. \ paft 2 afternoon Small rain S.W. brifk: 28.69 47 4i M Negative Umbrella Ditto.
8- A paft nine morning Clear and frofty Calm 29.28 40 ofM Pofitive Torch and bottle Ditto.

9. 12 noon Cloudy after rain S. ftrong 28.75 46 4 m Pofitive D° Ditto.

9. \ paft 1 afternoon Rain S. ftrong 28.68 46 4*M Negative Umbrella Ditto.
i

IO. 9 morning Rain S. gentle 28.64 44 if M Negative Umbrella Ditto.
1

11. 12 noon Beginning to rain S. brifk 28.34 42 2 M Negative Torch and bottle Ditto.
12. 12 noon Fair, with heavy clouds S. ftrong 27.8 44 2| M Pofitive D° Ditto.

13. | paft 9 morning

14. and 15. abfent.

Veryfmall rain, thin clouds N.W. brifk 28.1 " 44 ifM Negative D° Ditto
j 10 minutes after the rain ceafed the electrometer was weakly negative, and 5 minutes after that ftrongly pofitive.

16. IO morn. Small rain S.W. gentle 28.83 47 3iM Negative D° Ditto.
17. IO morning. Very few thin clouds W. gentle 29.42 44 0 Pofitive D° Ditto.
18. I afternoon Few white clouds W, brifk 29 42 48 1 M Pofitive D3

Ditto.
19. 1 1 morning Few diftr.nt clouds N.W. gentle 29 53 47 ifM Pofitive D° Ditto.
20. 1 1 morning Over-caft N. gentle 29.47 46 IfM Pofitive D° Ditto.
21. 3

afternoon Heavy clouds N. gentle 29.42 47 ifM Pofitive D° Ditto.
22. 1 1 morning Few white clouds N.E. gentle 29.4 40 of D Pofitive D° Ditto. *

23. \ paft IO morning Over-caft E. brifk 29.38 40 if D Pofitive D° Ditto.
24. IO morning Clear and frofty S.E. gentle 29.32 42 of D Pofitive D° Ditto.
25. 4 paft 12 noon Few clouds N.W. ftrong 29 23 46 1 M Pofitive Lantern Juft fenfible to the electrometer, without the doubler.
25 - \ paft 10 morning

27. mentioned afterwards

Clear S. gentle 2 9-3 45 of D Pofitive Lantern More fenfible, the lantern being elevated fifteen feet high.
j

28. \ paft 12 afternoon Few white clouds W. ftrong 29.07 48 0 Pofitive Lantern and bottle Four times doubled. »

Mar. 1. 2 afternoon Few drops of rain S.W. ftrong 28.68
5° 3 * M Negative Umbrella Often doubled; a few minutes after rain ceafed, and the ele&rometer became pofitive.

2. IO morning Small rain. S.W.very ftrong 28.35 47 4f M Negative Umbrella and torch Plate once lifted up.

JS
T

. B. The thermometer and hygrometer were placed where they were not likely to be altered by accidental heat.
fixed up three years and upwards, during which time its index has moved within the fpace of

Vol. LXXVIL

The hygrometer confifted of fifteen feet of whipcord, fufpended horizontally : it has been

4 inches, which is therefore divided into inches and eighths, moift and dry.

U u



••

*:



Mr. Bennet’s Defcnptlon , &c. 295

The atmofpherical electricity was fometimes fo ftrong as to

need no doubling, and moftly required only one application of

the fecond plate, yet I frequently found it neceflary to repeat

the procefs from two or three to twenty times. Perhaps the

exaCt comparative quantity of eleCtricity redding in the atmo-

fphere might be meafured by the number of operations re-

quired to render it perceptible by the electrometer, all other

circumftances being cautioufly attended to.

If the eleCtricity of the atmofphere (hould happen to be

much weaker than I have yet found it, there remains not only

the refource of doubling oftener, but the capacity of the in-

ftruments may be much increafed; as, firft, by ufing a larger

flame ; fecondly, by elevating it higher ; thirdly, by collecting

the eleCtricity with a very thin glafs ball, filvered within, and

coated on the outfide in the common way, or gilt ; fourthly,

by grinding and polilhing the plates of the doubler very

exaCtly ; fifthly, by making the experiments in an advantageous

fituation. In all thefe particulars my apparatus was defective,

yet amply iufficient for the difeovery of the atmofpherical

eleCtricity.

After confidering the fuccefsful effeCt of flame, in collecting

atmofpherical eleCtricity, I placed an infulated lantern upon a

pole about fifteen feet high, and fufpending a gold thread from

the lantern connected it with the electrometer, and was agree-

ably amufed with feeing the pendulous gold leaf open and (hut

with every pafling cloud.

On the 27th of February, 1787, when there was a confi-

derable mift whilft the lantern was thus elevated, the leaf

gold frequently (truck the fides of the electrometer ; and, in

Vol

.

LXXVII. X x about
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about nil hour, fome drops of rain beginning to fall, the

appearance of ele&ricity with this apparatus entirely ceafed,

though I elevated the lantern feveral times in the courfe of

the day.
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XXVIII. Some Particulars relative to the Production of Borax k

In a Letterfrom William Blane, Efq, to Gilbert Blane, M.D.
F. R. S.

Read May 17, 1787.
t

MY journey to the northern mountains in January lafl, in

attendance upon the Vizier, gave me an opportunity

of fatisfying, in fome degree, my curiofity on the fubject you

are fo defirous of being informed of, the production and manu-

facture of Borax. The place which his Excellency vifited is

called Betowle, and is a fmall principality in the firft of the

northern mountains, where they rife from the plains of Hin-

doftan, and is diflant from Lucknow about 200 miles N.E.

The town is a principal mart, where the commodities of the

mountains are exchanged for thofe of the plain. The Raja,

or Prince of the country, holds his pofleflions in the hills as

an independent fovereign ; but for thofe on the plain he owes

fealty, and pays tribute to the Vizier. He therefore embraced

this opportunity of paying homage in perfon to his Lord.

During his flay at court, I had an opportunity of making the

enquiries I wifhed from his people, and particularly from his

Dewan or Minifler, who had with him fome of the inhabitants

of the place where the borax is made.

This faline fubflance, called in the language of this country

Swagah
, is brought into Hindoflan from the mountains of

Tibbet. The place where it is produced is in the kingdom of

X x 2 Jumlate,
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Jumlate, diftant from Betowle about thirty days journey north.

Jumlate is the larged: of the kingdoms in that part of the

Tibbet mountains, and is confidered as holding a fuperiority

over all the reft.
i

The place where the borax is produced is defcribed to be in a

frnall valley, furrounded with fnowy mountains, in which is a

lake, about fix miles in circumference, the water of which is

confiantly hot, fo much fo that the hand cannot be held in it for

any time. The ground round the banks of the lake is per-

fectly barren, not producing even a blade of grafs ; and the earth

is full of a faline matter in fuch plenty that, after falls of rain or

fnow, it concretes in white flakes upon the furface, like the natron

in Hindoftan. Upon the banks of this lake, in the winter fea-

fon, when the falls of fnow begin, the earth is formed into

frnall refervoirs, by railing it into banks about fix inches high ;

when thefe are filled with fnow, the hot water from the lake

is thrown upon it, which, together with the water from the

melted fnow, remains in the refervoir, to be partly ablorbed

by the earth, and partly evaporated by the fun ; after which,

there remains at the bottom a cake, of fometimes half an inch

thick, of crude borax, which is taken up and referved for ufe.

It can only be made in the winter feafon, becaufe the falls of

fnow are indifpenfably requifite, and alfo becaufe the faline

appearances upon the earth are flrongeft at that feafon. When
once it has been made upon any fpot, in the manner above de-

fcribed, it cannot be made again upon the fame place, till the

fnow (hall have fallen upon it and diflolved three or four

times ; after which the faline efflorefcence re-appears, and it is

again fit for the operation.

The borax, in the flate above defcribed, is tranfported from

hill to hill upon goats, and pafles through many different hands

before
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before it reaches the plains, which increafes the difficulty of ob-

taining authentic information regarding theoriginal manufacture.

When brought down from the hills, it is refined from the earth

and grofs impurities by boiling and cryftallifation. I could obtain

no anfwers to any queftions regarding the quality of the water,

and the mineral productions of the foil. All they could fav of

the former was, that it was very hot, very foul, and as it were

greafy ; that it boils up in many places, and has a very offenfive

fmell : and the latter remarkable only for the faline appearances

above deferibed. That country, however, in general, produces

confiderable quantities of iron, copper, and fulphur. After being

" purified it fells in the market here for about 1 5 rupees per maund

;

and I am affured, by many of the natives, that all the borax

in India comes only from the place above mentioned.

I am afraid you will think this at heft but a very unfatisfactory

and unphilofophical account of the matter; but what can be

done, where the only mode of information is through fome of

the wild and unfettled mountaineers ? for the place is inaccef-

fible even to the inhabitants of Hindoftan, and has never been

vifited by any of them, except a few wandering Faquires, who

have been fometimes led that way, either to do penance, or to

vifit fome of the temples in the mountains. The cold in win-

ter is deferibed to be fo intenfe that every thing is frozen up, and

that life can only be preferved by loads of blankets and fkins.

In the furnmer again, the reflection from the fides of the

mountains, which are fteep and clofe to each other (there

being little or no plain ground betwixt them), renders the

heats infufferable.

I have not loaded this account with any reflections or con-

jectures of my own. I have Amply given you the narrative 0 i

thofe from whom I had my information ; and having put into

your
w
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your poffeffion all the data I have been able to collet upon, the

fubjedt, you may make what ufe of them you pleafe.

I fliall conclude with a few obfervations regarding the cre-

dibility of the relation : and, firft, that it is really brought

from the Tibbet mountains is certain, as I have myfelf often

had occafion to fee large quantities of it brought down, and

have purchafed from the Tartar mountaineers, who brought it

to market ; fecondly, I have never heard of its being either

produced or brought into this country from any other quarter ;

and, thirdly, if it was made on the Coromandel coaft, as

fome books mention, I think there can be little doubt, but

that the whole procefs would have been fully enquired into, and

given to the public long before this time.

Lucknow, Augufl 28» 1786.
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XXIX. A Letterfrom the Father Prefetl of the Mtffion in Thi-

bet, F. Jofeph da Rovato, containing fome Obfervetions rela-

tive to Borax. Communicated by Sir Jofeph Banks, Bart.

P. R. S.

Read May 17, 1787.

Alii illuftriffimi Signori Membri dell’ Accademia Reale delle

Scienze ed Arti di Londra.

I
L Padre prefetto della Miffione del Tibet ha il piacere di

manifeftare alle SS. VV. illuftriffime, come eflendo in Patna

Rato ricercato piu volte dal Sig. Vogles, Alemano, bravo

naturalifta, di prendere notizia dei luoghi, e del come li faceva

il Borace, che li ha dal regno del gran Tibet; giacche come

egli diceva nellim alto poteva avere comunicazione da quelle

parti quafi impenetrabili
;
quantunque la noftra miffione abbia

abbandonato da molti anni detto regno, nonoftante avendo ami-

cizia con il Bahadur Sab, fratello del re di Nepal (il regno del

quale li eftende a tramontana lino a Kutti, frontiera del Tibet)

li fcriffe, e lo prego a prendere la notizia dei luoghi, e del come

fi faceva il borace, ed a comunicargliela. Il Bahadur Sah avuta

quefta iftanza, per meglio favorire il Padre prefetto, avendo al

fuo fervizio un uomo dello fteffo paefe dove fi forma il borace,

2 fi
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fi degno di mandarglielo fino a Patna, per intendere dallo fteftb

uomo tutto cio che defiderava intorno al borace.

Quefto uomo, parte in lingua Nepalefe, parte in lingua In-

doftana, ambedue intefe dal Padre prefetto, fifpiego come fegue.

Nella provincia, offia territorio di Marme, diftante 28 giornate

di camino a tramontana del Nepal, e 25 dette al ponente di

Lafla capitale del Tibet, vi e una valle larga 8 miglia in circa.

In un diftretto di quefta valle vi fono due terre, o Caftelli, uno

chiamato Scierugh
, e l’alto Kang/e ; e li uomini di quefti due

luoghi s’impiegano a cavare il borace, e lo vendono nel Tibet,

e nel Nepal, non avendo altro mezzo per vivere, ftante che in

detta valle il terreno e fterile, e non produce che alcuni giunchi.

Vicino ai fudetti due Caftelli vi e una Vafca di acqua, che non

e molto grande, e varie alt re piu piccole (dove il terreno e con-

c.avo) nelle quali refta l’acqua quando piove. I11 quelle Vafche

dunque, dopo qualche tempo che vi e reftata l’acqua, fi forma

da per fe il borace ; e li uomini entrando nell’ aqua, dove fen-

tono con li piedi come un laftrico, ivi il borace e formato, e lo

cavano ; con quefta diftinzione, che dove e poca acqua, il borace

e piu fottile, e lo fentono fubito ; e dove Tacqua e molto lo tro-

vano piu groflo, ed a quefto vi refta fopra un dito, o due, di

fango molle, che fara una depofizione della ftefla dopo ch’ e ftata

intorbidata dalla pioggia, o dal vento. Cofi ft trova il borace

prodotto dalla natura fenza ufo alcuno ne di bollitura, ne di

lambicco ; e l’acqua nella quale ft produce il borace e coft cat-

tiva, che fe alcuno ne beve un poco, li gonfia il ventre e lo fa

morire. La terra, in cui ft produce il borace, e di colore bian-

chiccio ; e 4 miglia in diftanza dove fi produce il borace, nella

fteft'a valle vi fono le miniere del fale, che ft cava in grando

abbondanza per ufo di tutti quei popoli dentro le monti, che

funo
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fono cofi lontatu dal mare. Li nativi non pagano nulla a cavare

il borace, non avendo altro mezzo per vivere a caufa della fterilita

del terreno ; ma fe li ftranieri vogliono cavare il borace e necef-

fario che paghino un tanto al Capo del luogo fecondo la conven-

zione che fanno ; e nella valle di Marme pagano un Lama chia-

mato Pema tupkan
,

a cui appartengono le miniere del borace.

Altre iogiornate di camino piu a tramontana della valle di

Marme vi e un altra valle chiamata Tapre, nella quale pure fi

cava il borace. Vi e ancora un altro luogo, in cui fi cava il

borace, chiamato Ciogd
, ma di quefto ultimo non ho marcata

la fituazione. 11 borace in lingua Indoftana e Nepalefe fi

chiama Soagd ; ma fe non e purificato fvanifce facilmente ; e

per confervarlo qualche tempo finche lo vendono, lo mifchiano

Con la terra unta di buttiro.

Nel territorio pure di Mungdan 16 giornate piu a tramon-

tana del Nepal vi fono abbondanti miniere dell’ arfenico ; ed in

molti altri luoghi le miniere del folfo, come pure le miniere

dell’ oro, e dell’ argento, che fi cava afiai piu puro di quello che

fi cava dalle miniere del Pegu.

Qucflo e quanto fi e ricavato dal uomo mandato dal Bahadur

Sah, fratello del re di Nepal. E fe gli Signori dell’ Accademia

Reale defiderano di videre un poco di quella terra, nella quale fi

produce il borace, ora che tutto il paefe di Nepal e governato dallo

ftefto Bahadur Sah ; il Padre prefetto, che lo ha praticato per al-

cuni anni dentro lo ftefto Nepal, e due volte ancora a Patna (ove

era venuto) fpera che non gli negara il favore di mandare qualche

fuo fidato uomo a prendere di detta terra, e inviargliela a Patna ;

dal qua! luogo potra il Padre prefetto, mediante qualche Sig.

Inglefe fuo amico, fargliela con tutta facilita pervenire aLondra.

Quefto e quanto il Padre prefetto prende la liberta di fcrivere

alii illuftriffimi Signori dell’ Accademia, alii pure fi offerifce di

Vol. LXXV1I. y y buoit
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buon cuore con li altri fuoi Religiofi Cappuccini Italian!, fe

potra fervirli per qualche altra notizia di quefto genere, per

moftrare la fua gratitudine alia nazione Inglefe, dalla quale ha

ricevuti, e rieeve tanti benefizi ; ed ha l’onore di raffermarfi

con tutto il rifpetto, &c.

F. GIUSEPPE DA RO VATO, -

?atna, li io. jbvz,

1786.
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XXX. Sur les Gas Hepatiques
:

par Monjieur HaflTenfratz.

Communicated by Sir Jofeph Banks, Bart. P . R. S.

Read May 17, 1787.

EN 1785, apres avoir fait quelques experiences fur les foies

de foufre, je refolus de chercher quel etoit la nature de l’air

inflammable hepatique que Ton en faifait degager en les decom-

pofant par l’acide nitreux. Le foufre que Fon voit fe precipiter

apres chaque combuflion de gas inflammable hepatique me por-

tait a croire que cette fubftance pouvait bien etre une de fes

parties conftituantes, mais elle ne m’en apprenait pas davantage,

et c’etoit dans ce terns a-peu-pres la feule experience que l’analyfe

pouvait me fournir. Je refolus done d’employer la fynthefe, et

ce qui me conduifit a cette refolution fut la citation d’une expe-

rience que M. Monges avait fait a Meziers ; il avait fait pafler

de Fair fixe a travers du foufre en fufion, et il avait eu pour re^

fultat de Fair fixe avec une odeur fulfureufe, etqui tenait reelle-

meardu foufre en diflblution. Je me determinai done a re*

peter foil experience, et a tenter celle que je vais citer.

Je fis d’abord pafler de Fair fixe a travers du foufre en fufion,

at j’eus pour refultat un air fixe fulfureux qui faifait precipiter

la chaux vive de fa diflblution dans Feau diftillee, en s’uniflant a

cette bafe, formant par cet union, de la terre calcaire, et laif-

fant degager le foufre qui lurnageait le liquide, ou fe precipitait

au fond, je fis la meme experience avec le gas nitreux, et j’eus pour

Y y 2 refultat
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refultat un gas nitreux fulfureux, qui fe combinait encore avec

l’air vital pour former de l’acide nitreux, et abandonnait le fou-

fre dans cette combinaifon.

La mofete atmofpherique m’a produit, apres foil paflage, de

la mofete fulfureufe avec odeur de foufre, qu’elle laiffait pre-

cipiter apres avoir fejourne quelque terns fur l’eau.

L’air vital a produit dans une femblable experience un air vital

fulfureux, melange d’acide fulfureux volatil, quel’eau abforbait :

le gas nitreux, en s’uniffant avec rutilance a fair vital fulfureux,

en faifait degager le foufre, de meme que fa detonnation avec le

gas inflammable.

L’air atmofpherique m’a donne un refultat a-peu-pres fem-

blable a fair vital, feulement, ainfi qu’il eft aiie de le deduire des

experiences precedentes, fair que j’obtins etait un melange d’air

vital et de mofete fulfureufe. Le gas nitreux par fon union

avec Fair vital et le gas inflammable dans fa detonnation faifait

precipiter le foufre de foil melange.

Enfin le gas inflammable, pafle a travers du foufre en fufion,

m’a donne un gas inflammable fulfureux, toutd-fait femblable

au gas hepatique que l’on obtient en verfant de l’acide nitreux

fur du foie de loufre : d’oii il paroit fuivre que ce gas inflamma-

ble que 1’on retire des foies de foufre en y verfant de l’acide

nitreux, et auquel on a donne le 110m de gas hepatique, 11’eft:

autre chofe qu’un gas inflammable fulfureux, que l’on pent for-

mer fynthetiquement, ainfl que toutes les autres efpeces de gas

fulphureux.
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XXXI. Botanical Description of the Benjamin Tree of Sumatra.

By Jonas Dryander, M. A. Libr. R. S. and Member oj the

Royal Academy of Sciences at Stockholm
j communicated by Sir

Jofeph Banks, Bart. P. R . S.

Read May 17, 1787.

HOUGH Garcias ab Horto, Grim, and Sylvius,

-a. were acquainted with the real tree from which Benjamin

or Benzoin is collected, their defcriptions of it are fo imperfect

and infufficient for its botanical determination, that fucceeding

botanifts have fallen into many errors concerning it ; and it is

remarkable, that although this drug was always imported from

the Eaft-Indies, mold of the later writers on the Materia

Medica have conceived it to be collected from a fpecies of

Laurus, native of Virginia, to which, from this erroneous

fuppofition, they have given the trivial name of Benzoin.

This miftake feems to have originated with Mr. Ray, who in

his Hilloria Plantarum, Voh II p. 1845. at the end of his

account of the Arbor Benivifera of Garcias, fays: 44 Ad nos

44 lcripfit D. Tancredus Robinson Arborem rellniferam odo-

44 ratam foliis eitrinis praedittae haud abfimilem tranfmilTam

44 fuille e Virginia a D. Banister, ad illuftriflimum Prae-

44 fultm D. Hlnr. Compton, in cujus inftru&iffimo horto

44 culta eft. Arbor ifta Virginiana Citrii, vel Limonii foliis

44 Benzoinum fundens, in horto reverendillimi Epifcopi culta.”

Tins error was dete&ed by Linnaeus, but another was

fublLtuted by hijn in its place; foi in his Mantilla Plantarum

Altera,.
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Altera, he tells us, that Benjamin is furnifhed by a flirub de-

fcribed there under the name of Croton Benzoe, and after-

wards in the Supplementum Plantarum, deferibes again the

fame plant, under the name of Terminalia Benzoin. M.
Jacquin, who had been informed that this fhrub was called

by the French Bienjoint
, fuppofes, with reafon, that the fimilar

found of that word with Benjoin, the French name for Benja-

min, may have occafioned this miftake *.

Since that period Dr. Houttuvn has deferibed the Benja-

min Tree of Sumatra; but for want of good lpecimens has

been fo unfortunate as to miltake the genus to which it belongs.

It is hoped, therefore, that the following defeription and annexed

figure (fee Tab. XII.) may not be unworthy a place in the Phi-

lofophical Tran faction s j they are made from dried fpecimens

procured from Sumatra by Mr. Marsden, F. R. S. at the

requeft of Sir Joseph Banks, Bart. P. R. S. and clearly prove

that this tree agrees in the parts of fru&ification with the

Styrax of Linnjeus.

STYRAX Benzoin
y

foliis oblongis acuminatis fubtus tomen-

tofis, racemis compolitis longitudine foliorum.

Benjui. Garcias ab Horto in Clufii Exoticis, p. 155.

Arbor Benzoini. Grim in Ephemer . Acad. Mat. Curi
of.

Dec.

2. Ann. I. pag. 370. fig. 31. Sylvius in Valentini Hiftoria

Simplicium
,
pag. 487.

Benzuin. Radermacher in Act. Societ. Batavire
,

vol. III. pag.

44 -

Benjamin or Benzoin. Marfden s Hifl. of Sumatra
,
pag. 123.

Taurus Benzoin. Houttuyn in All. Harlem, vol. XXI. pag .

265. tab. 7.

Habitat in Sumatra. )?

.

* Hort. Vindob. vol. III. p. 51.

DESCRIPTIJ*.
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DESCRIPT IO.

Rami teretes, tomentofi.

Folia alterna, petiolata, oblonga, integerrima, acuminata, ve-

nofa, fupra glabra, fubtus tomentofa, pal maria. Petioli

teretes, ftriati, canaliculati, tomentofi, breviffimi.

Racemi axillares, compofti, longitudine fere foliorum. Pediin -

cult communes tomentofi
;

partiales alterni, patentes, to-

mentofi. Pedicclli brevifiimi. Flores fecund!.

Calyx campanulatus, obfoletifiime quinquedentatus, extus to-

mentofus, linea longior.

Petala quinque, (bafi forte connata) linearia, obtufa, extus to-

mento tenuiflimo cinerea, calyce quadruplo longiora-

Filamenta decern, receptaculo inferta, petalis paulo breviora,

inferne connata in cylindrum longitudine calycis, fuperne

infra antheras ciliata. Anther lineares, filamentis longi-

tudinaliter adnatae, iifque dimidio breviores.

Germen fuperum, ovatum, tomentofum. Stylus filiformis, fla-

minibus longior. Stigma fimplex.
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XXXII. An Account of an Experiment on Heat. By George

Fordyce, M. D. F. R. S. In a Letter to Sir Jofeph Banks,

Bart. P. R . S .

Read May 24, 1787.
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HEAT changes the qualities and appearances of matter in

various ways. It is alfo a powerful agent in many of

the operations which mankind employ to fit matter for their

ufe. Although the ancients performed many of thefe opera-

tions with a coniiderable degree of accuracy, yet there are

many which they were totally unacquainted with, and others

they brought to little perfection. One principal caufe was

their having no means of meafuring heat accurately. Van
Helmont was the firft who found the mode of meafuring heat

by expanlion. His meafure was an air thermometer, which is

deferibed in his Differtation, named “ Aer”, cap . 12. Since his

time, various improvements have been made on thermometers ;

many are {till wanted. This inftrument is, however, the

foundation of modern difeoveries on this fubjeft. The an-

cients were acquainted with the manner of heating bodies by'

communication, by friction, by burning fuel, by the fun, by

fermentation, and the taking place of chemical combinations

in other cafes. Boyle found, that melting a {olid body pro-

duced cold (Experimental Hiftory of Cold, title I. chap: 18.) :

3 Dr.
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Dr. Cullen, that cold was alfo produced by converting bodies

into vapour. It has been fince that time found, that the oppo-

se condenlations, viz, of vapours into fluids, or fluids into l'olids,

generate heat. Cramer was the firft who took notice of the

different conducting powers of different bodies, in his “ Ars
“ Docimaftica,” P. I. § 274. Scholium.

The power of animal bodies, of refifting the cold of the

medium they are in, has been long known. Mr. Ellis took

notice of their being alfo able to refift the heat. Dr. Cullen
afcribed this power to a peculiar quality in animals different

%

from the powers of inanimate matter. You, Sir, faw a con-

firmation of this power being very great when we kept a dog

of no large fize (he might weigh, as far as I can recolleCt, about

twenty-five pounds, not more) in air heated to 160 degrees

of Fahrenheit’s thermometer for half an hour. We took

him out with only the addition of a few degrees of heat; not

from any unealinefs of the animal, but from being fatisfied

with the experiment. This power has been fhewn by Mr.

Hunter to extend to vegetables. The degree of heat one body

is capable of impregnating another with, was hardly touched

upon by any author before Dr. Crawford, who has done a

great deal in this branch, and is ftill purfuing it.

The fubjeCl of the prefent enquiry is different from all thefe.

The propofition is, fuppofing we can make an application to a

cold body, fo as to produce heat in it, and this application be made

with the fame force to the fame body, whether by this means an

equal quantity of heat will always be produced in an equal

quantity of matter ? That is, for inftance, whether an equal

quantity of the rays of the fun being thrown on an equal lur-

face of the fame matter, fo that they fhall be equally loft,

bent, or refle&ed, an equal mafs of matter below fhall be

Vol. LXXVII. Z 2 equally
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equally heated according to its capacity ; whether equal vi-

brations excited fhall always produce the fame quantity of

heat ;
whether a chemical attra&ion taking place between an

equal quantity of two fubflances fhall always produce an equal

quantity of heat ?

The importance of this enquiry is fufficiently evident, fince

if the fame quantity of fuel being burnt the fame quantity of

heat be always produced, our whole attention will be to take

care that no part of the heat fhall be lofl ; but if burning the

fuel under one fet of circumftances will adiually produce a

greater quantity of heat than burning it in other circumftances;

or if burning it, will produce a great heat in one place, which

cannot be carried to another place, but will be again anni-

hilated, a very different attention muff be paid. I was fir ft led

into this train of thinking by obferving reverberatory furnaces*

Formerly I had no doubt but that it was obvious, that the fame

quantity of fuel burnt would produce the fame quantity of heat.;

but having occafion to try fome experiments in reverberatory-

furnaces, where great heat and cleannefs were required, I

tried to heat the furna'ce with charcoal and coak, or pit-coal

charred, that is, burnt till no fmoak arifes, but could never

produce the heat required,, although I could do it eafily with

coal. I infulated my furnace, fo that after twenty- four hours

ftrongeft fire, it did not feel in the leaf! warm on the outfide. I

heightened the chimney ; but all to no effect : in the fire-place

the heat was fufficient to melt malleable iron, but in the labo-

ratory, in the horizontal part of the chimney, the heat was

trifling. Since that time I have made various experiments to

afeertain the propofition laid down. The following one, which

has been varied and repeated with the fame refult, may, per-

haps,, draw the attention of chemifts to this point.

5 I formed
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I formed a cylinder of thin pafteboard, fix inches diameter

and fixteen inches long. The infide I lined with rabbit fkin,

laying the fur fmooth ; a thin ring of pafteboard was placed

in the middle. One end was clofed with a bottom of the

fame pafteboard ; the other was open. This cylinder was

placed in the center of another wider cylinder, alfo of pafte-

board, which had likewife a bottom of pafteboard. It was fo

placed, as that the outer cylinder was diftant from the inner

one inch and a half; at the bottom and fides the fpace between

was filled with Eider down, fuffered to rife to as great a bulk

as it would from its own elafticity. The two cylinders were

-even at top, and the fpace between them fhut by a cover of

pafteboard. In the fide of the machine, a little below the

middle of the inner cylinder, a pafteboard tube was made to

pafs through the outer and open into the inner, half an inch

wide, for the infertion of a thermometer. A fimilar tube was

placed a little from the middle, towards the other end of the

fmalleft cylinder* A circular plate, of pafteboard, fix inches

diameter, and about one-eighth thick, weighing i oz» 102 grs.

was pufhed down the inner cylinder, until it was flopped by

the ring-. A circle of flint glafs, ground flat and parallel on

both fides, was fixed over the mouth of the inner cylinder fo

as not to obftru<ft any part of it.

A fimilar apparatus, as exadlly as poftible, was formed, ex-

cepting that the circular plate in the middle of the inner cylin-

der was iron-, of the fame dimenfions with the pafteboard one,

and weighing 12 oz. 62 grs. Thefe apparatus’s were fet in a

warm expofure for feveral months, to dry*

The circular plates, which were deftined to receive the direfl

rays of the fun, were placed as nearly perpendicular to the

inner cylinder as poftible. They were both covered with a

Z z 2 black
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black paint, fufficient to prevent the rays of the fun from

penetrating either to the iron or pafteboard.

On the 28th day of July, 1786, the fun {hilling on a room

facing about S.W. the air not cloudy, but not very bright

;

the air in the roomyi 0
; at a quarter after twelve, thermo-

meters being paiTed through the tubes below the plates of iron

and pafteboard, after handing a quarter of an hour, fhewed

the heat 67° in both apparatus’s. Both were nowexpofed to the

fun, lo that the rays fell perpendicular on the paint covering

the plates, in equal quantity on each as nearly as poffible. If

there was any difference, rather more were thrown on the

paheboard diaphragm. In five minutes the thermometer be-

low the paheboard diaphragm fhewed 72 degrees; the ther-

mometer under the iron had hardly rifen half a degree.

Progrefs of the rifing of the thermometers .

Under pafteboard diaphragm. Under iron diaphragm^

7 Z
°

674

75 70
80 76 -f-

s5 33

90 88-1-

95 94
IOO IOO *

io5 107

no 1

1

5

After 20 minutes,

1 10 121

* At this time thermometers were put through tubes into the chambers of the

apparatus, between the glafles and diaphragms. The apparatus with the iron

diaphragm railed this thermometer to 121
0

j that with, the pafteboard to 1200..

The
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The apparatus with the paffeboard diaphragm was expofed

flill to the fun ; that with the iron was removed, and buffered

to cool till its thermometer (hewed 107°; it was then expofed

again to the fun till it had acquired the heat of 1 io°, to which
degree the apparatus with the paffeboard hardly reached. The
windows were now fhut. The heat of the room had arifen to

8o°. Both the apparatus’s were placed on a table ; the doors were

fhut, lo that there was no current of air.

Paffeboard apparatus, after 30 minutes. Iron apparatus.

96 104

Aft^r 75 minutes, or 1 h. 45' from the beginning.

83 89

After 2 h. or 3 h. 45' from removal from the fun.

78 room 75 80

A fimilar refult arofe when there were no glaffes to exclude

the external air. Likewife when the diaphragms were changed

from one apparatus to the other.

If any one wifhes to repeat thefe experiments, he muff take

care that the fize of both apparatus’s be the fame ; the weight

the fame, excepting the difference of the iron and paffeboard ;

that they be equally fluffed, and perfectly dry : for if there be

the lead moifture, the evaporation will not only make a fallacy

in the experiment, but it will foon oblcure the glafies, fo as to

prevent the rays of the fun from pafling through them.

The firft thing to be noted in this experiment is, that the

rays of the fun a&ed on the fame black paint only : for it was

fo thick, that the rays could not penetrate to the iron or paffe-

board below. The colour was the fame, and there was the

fame glofs ; if any thing, that on the iron, in the experiment

related, was rather more gloffy, in order that it might not be

favoured^.
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favoured, as in former experiments the refults had been in favour

of the iron apparatus acquiring the greateft heat. Every thing,

therefore, was the fame, except that the iron and pafteboard

were of different weights, of different capacities of heat, and

of different degrees of readinefs to acquire heat, and commu-

nicate it.

It is evident, that a greater quantity of heat was a&ually

produced in the apparatus with the iron diaphragm : for al*1

though in the firft two or three minutes the pafteboard became

hotter than the iron, yet as foon as the iron began to be fenli-

bly heated, it became hot fafter than the pafteboard, and

adtually became hotter, and even continued to do fo, when the

pafteboard no longer could produce more heat than was difli-

pated from the furface of the apparatus into the air. When
they were fet in an air equally cold the apparatus with the iron

diaphragm was longer in cooling, although they were both of

ithe fame degree of heat when fet by.

This greater quantity of heat I afcribe to the iron’s taking

rthe heat from the black paint fafter than the pafteboard, as

being a better condu&or. Juft as if a plate of glafs was placed

on a plate of fteel, and another, perfedly fimilar, was placed

on a plate of clay, and both were placed equally among equal

vibrating bodies. In this cafe it is clear, that much greater

vibration would take place if the fame means of exciting it

were applied to that plate of glafs attached to the plate of fteel

than if they were applied to that attached to the clay. I do

not mean to fay, that heat is vibration ; but merely to illuftrate

my idea of heat’s being only a quality, and not a fubftance. I

am led to this not only by this experiment now related, but by

various other confiderations, which I fhall not now infift upon,

as they are not fufficiently finilhed to be laid before this Society.

I fhall
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I Shall only add that, among other things which may be

illuflrated by it, one is, that all the planets may poffibly be of

the fame heat; lince, if the matter of which Mercury confifts

was averfe to the generation of heat in proportion to the greater

number of the rays of the fun it receives more than the

Georgium Sidus, they would be both of the fame heat, not"

withstanding their different diftances from the fun.

I have already faid, that I was led to an enquiry into the

fubjedt by the effedt it has on chemical operations.

I remain, &c.

G. FORDYCE.
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XXXIII. Account of an Obfervation of the Right Afcen/ion and

Declination of Mercury out of the Meridian , near his greattjl

Elongation
,
Sept. 1786, made by Mr, John Smeaton, F. R. S.

with an Equatorial Micrometer, of his own Invention and

IVorkmanJhip
;
accompanied with an Invefigation oj a Method

of allowingfor Refradtion in fuch Kind of Obfervations ; com-

municated to the Rev. Nevil Mafkelyne, D. D. F. R . S. and

ylfronomer Royal, and by him to the Royal Society.

Read June 7, 1787.

M de la Lande having announced to fome of my aftro-

• nomical friends the utility of accurate obfervations of

Mercury, at his two elongations the laft year, in Auguft and

September ; I tried to get obfervations of that planet in crof-

ling the meridian, for fome days before and after the greateft

elongation in Auguft ; and though the ftate of the atmofphere

about that time was not very favourable to the purpofe, yet

there was one day that I thought unexceptionable, but could

not perceive the leaft appearance of Mercury j at which I was

the rather furprifed, as I had formerly feen that planet in the

like fituation, with the fame inftrument, with perfedt perfpi-

cuity * : and as I did not hear of any one elfe having fucceeded

in

* The inftrument mentioned is a tranfit, made by myfelf in the year 1768;

at which time achromatic objeft-glafles not having been, fo far as I knew, applied

to agronomical inftruments by others, but having found the good effedts thereof

for
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See, ^19
in this obfervntion, I thought it might be very pofUble for the fame
dilappointment again to happen,with refpect to the approaching

elongation in September. I judged, therefore, that it might
be of fome utility to agronomy, if, by any means

, a good ob*

fervation of Mercury could be got; and alfo, that it would be

a -proper fubjeft whereon to make trial of an inflrument for

luch purpofes, the idea of which I had conceived, and begun
to conftruft, above forty years before

-

; but which, from va-

rious avocations, I did not perfefl to my fatisfa&ion till the

year 1770*: fince which time it has lain by, in hopes that

fomething might happen, by which a full and effectual trial

might be made thereof.

This inflrument was orginally intended as an improvement

of the common wire micrometer, for the purpofes of taking

differences of right afcenfion and declination, in a more com-

modious and effectual manner than could be done in the me-

thod then praflifed of ufing that inflrument f ; and at the

fame

-for other purpofes, I refolved to ufe a double achromatic objed-glafs, made by-

Mr. Dollond ; which being of equal aperture with the fimple objed-glafs, then

in the tranfit of the Royal Oblervatory, this telefcope I therefore efleemed to be

of nearly equal validity, as to quantity of light, with that at Greenwich, but

reduced to the more commodious length of three feet fix inches.

* Some obfervations made therewith, after it was completed, I tranfmitted to

rny friend Mr. Aubert ;
the confiftency of which induced him to procure a

fimilar inftrument to be made for cometary and fuch kind of obfervations as cannot

be commodioufly made in the meridian. Of this inflrument the Rev. Mr.

Wollaston has made honourable mention in Phil. Tranf. Vol. LXXV. for 1785,

P- 348 .

f The common wire micrometer, as ufed by Dr. Bradley, and deferibed

from a paper of the Dodor’s hand-writing, is given by Dr. Maskelyne in the

Philofophical Tranfadions, Vol. LXII. for the year 1772; and in addition to

to which I mull beg leave to obferve, that the telefcopes then in ufe for the

Vol. LXXVII. A a a wi«-o-
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fame time more effectually to anfwer the purpofe of Graham’s

agronomical fettor, which was contrived by him (as Dr.

Smith informs us) to fupply the deficiencies of the micrometer

then in ufe *.

The mod neceffary and fundamental improvements feemed

to be ; firft, that of rendering the micrometer telefcope ma-

nageable upon an equatorial motion ; and, feconaly, the con-

trivance of a ftand of fuch folidity and ftedfaftnefs that the

telefcope might preferve the pofition in which it was placed, for

a length of time : for it occurred to me, that if the telefcope

could be maintained at reft ; or in a degree of {lability fupe-

ricr to that of the agronomical feflor ; then the neceffity of

taking in a greater ccmpafs in declination than could be com-

modioufly given to the field of a telefcope would be the lefs

neceffary : for, inftead of confining the object to a comparifon

with a flar not differing more than a few minutes of time, or

at moft a quarter of an hour in right afcenfion, thofe com pa-

rifons could be extended to an hour or two, or even on occafion

to three or four hours; there being fcarcely any part of the

heavens fo devoid of ffars, of a fuitable magnitude for thefe

obfervations, but that a proper one may be found within

that compafs in right afcenfion, provided there is allowed

micrometer were from ten to fifteen feet long, made with wooden tubes, flip-

ported at each end upon two wooden fupports, by which the telefcope could be

managed in al itude and azimuth j but not to follow a celeRial object in its proper

motion on one center:, which apparatus, I believe, is Rill remaining in the

Royal Obfervatory.

* This inflrument is defcribed in Smith’s Opt i«rs, Vol. II. p. 35Q. ;
and the

original one, made by Mr. Graham, was, at his death, placed in the Royal

Obfervatory, and is mounted upon a three-legged Hand of wood.

I the
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the di[Terence ot a degree^ either north or fouth of the objeft,

in declination *.

Confidering, however, that the approaching elongation

would be in the morning ; and that the belt chance of

feeing Mercury with this inftrument would be fome time in

the twilight, between Mercury’s riling and the riling of the

Sun
; yet, on fuppofition of catching the planet in his paflage

over the wires, there would be no chance of feeing any ftar

pals over the field-, wherewith to compare him, till the follow-

ing evening, which being at leaft fourteen hours, the certain

polition of the telefcope for fo great a length of time was

almojl more than I could reafonably hope for. To judge how
far I might form an expeflation, by way of t previous trial,

I compared Saturn with y Capricorni f, and found the return
V »

* The field of the telefcope of Mr. Aubert’s inftrument is two degrees j

but that of the original, wherewith this obfervation was made, is 1° ij': tq

gain which, the eye-glafs being immoveable (and achromatic to prevent the

indiftin&nefs that would othervvife have taken place near the border) the magni-

fying power was obliged to be confiderably reduced, in refpeft of what has been

ufual for micrometers, that is, fo as not to exceed 20 times: in confequence,

there is, therefore, no need for fo long a telefcope, this being but 341-

inches focal length of obje£t-glafs; but being a double achromatic, made by

the late Mr. John Dollond, ft is capable of as great an aperture as could bs

given to the fimple objedt-glafles of twelve or fifteen feet telefcopes, that were

then generally given to micrometers ; but the pencil of light being greateft in

this, is attended with this advantage, that the fmall ftars can be feen very diftinct

and in great abundance, like the modern night-glafles : and there is in reality no

need of great magnifying powers for the prefent purpofe; for the place of the

wire being viewed by an eye-glafs, of about if inches focus, its place may be

diftinguifticd to lefs than a 2300th part of an inch, which, on the radius of 34 f-.

inches, is fcarce 2"f of a degree; and which, as I apprehend, is nearer the

truth than can reafonably be expe&ed from inftruments out of the meridian.

f According to this obfervation h preceded y y? the 2d of Sept, at 9 h. 15'

P.M. mean time by 30' 9". 7 MT, and with greater declination fouth than y by

4 *' 23".

A a a 2 of
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of the ftar to the fame place two evenings afterwards, both in-

right afcenfion and declination, was fo near, that I concluded I

might very well exped a good obfervation of Mercury, in cafe

I could get a fight of him, though the bars wherewith he was

to be compared lay at the didance of the following evening at

the fooned.

The micrometer is furnifhed with five horary wires, deno-

minated in their order a. A, B, C, D ,(B being the mid-

dle horary wire), and the two declination wires are deno-

minated A and B ,
each moveable by a feparate and independent

micrometer-fcrew, from the outfide of the field to the center,

and a little beyond it ; fo that each wire can be moved into the

place of the other when at or near the center *.

The morning of the 23d of September, about a quarter pad;

five o’clock, the air being clear and perfedly ferene, it being

then about an hour, after Mercury’s riling, and 1 near three-

quarters of an. hour before the riling of the fun, I very readily

found Mercury with the telefcope., and when found could,

eafily fee him with an opera glafs and Mercury, being then

in a date of very little alteration of declination, I adjuded one

of the declination wires to his apparent run, by making him

traverfe the whole field. The obfervations were then taken as

* In Dr. Bradley’s Paper it is faid; that before the late alterations, both the

declination wires were made moveable; and that it was an improvement to make

one of them fixed, and one only moveable. But however they might be imme-

diately preceding the Do&or’s time, I believe, the original micrometers by Mr.

Townl.ey were with one fixed and one moveable declination wire, as I have

feen one in this form among the remaining apparatus of Mr. Abraham Sharpe.

In an inftrument, however, fitted up for the purpofes of the equatorial ?nicro-

metcr
,

I believe, it will be found moil convenient to have both thofe wires

moveable
;

as by this means they not only are enabled to Hide into each other's place
,

but every part of the frame of the inftrument remains fixed during the whole of

the obfervation, the two Aides carrying thefe two wires excepted,
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m the Arfl table ; and in the evening I was lucky enough to

get thofe of X Ceti and 0 Tauri, intending to repeat the whole

the next morning and evening. The next morning proved

cloudy, and fo continued, that I faw the planet no more ; but

in the evening of the 26th, I found the liars come again fo

near the fame declination, that I was encouraged to continue

the obfervation to fee what change would happen. It then

came on bad rainy weather till the 30th, when I again re-

peated the obfervation, and found the liars to come fo near in

declination that I was fully fatisfed of the liability of the

inllrument, fo far at leall as could regard twenty-four hours

:

but as I was then appointed to go a journey, and could

have no other ufe for it, I locked the door of the Ob-

fervatory, leaving the ‘inllrument in its pofition, that I

might fee what change would happen by the time of my return ;

and was quite allonilhed to find, on the 13th of O&ober, that it

had remained in a manner unmoved; for it had fuffered no

more apparent alteration than what might occur by the errors

of obferving, and alterations of the clocks and tranlit.

It mull, however, be remarked, that, befides that in the

conllru&ion of the inllrument every thing was contrived

that appeared likely to give it firmnefs, it was relied upon

thtfruftum of an hexagonal pyramid of Hone, in the founding

whereof great care was taken as to its folidity, and was de-

tached from the floor for fupporting the obferver. • -

1

This Obfervatory at Aujihorpe I elleem in the latitude -of

53° 4-7
7
5 N. and $' 50" of time W. from Greenwich.

A a a 3 Table
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—
Table 1 . Obi'ervations ' of Mefeury at his elongation Sept.

Equatorial Micrometer.
1786, with an

Day,objeft, and

wires.

>4

P
0
te

Tune as

taken by

the clock.

Time re-

duced to

min. & fee.

Reduced to

the middle

wire.

Mean of

the wires.

Parts of

the mi-

crotn.

Micro-

meter

reduc.

Sept. 23. AM. M. q. tea.
/ // / // / // Rev.Pts. Rev.Pts.

Merc, to wire a 5 24 3 5 24 47-5 26 34.8

A — 25 3 *4 2 25 52.3 26 34.8

Middle wire B — 20 2 9J 26 34-7 26 34.7 26 34 7 528.85 S O.74

(
N. B. The telefcope’s Center

C — 27 I 6 27 18 26 34.7
< was pointed to horary circle

D 28 I r 5 28 22.5 26 34.6
l VI. 34'f Deci. N. 7

0 48 •

PM.

* Ceti to B 9 15 I 27 15 28.5 15 28.5 15 28.4

C 16 .0 23 16 "•5 15 28.3

0 Tauri to B — 4O I 25 40 27-5 40 27-5 40 27.4 B 8.39 N19.72
C — 41 O 21 41 10.5 40 27.3

orpE. 20,

* Ceti to a 9 2 2 *3 2 3 6 -5 4 23.5

A —
3 2 23 i 3 4 r -5 4 23.9 4 23.8 B 16.97 Nil. 14

C — 5 0 i 4i 5 7-3 4 24.1

a Tatiri to A — 28 2 21 28 40.5 29 22.9

B — 29 1 16 29 23 29 23 29 23 5 8.47 N19.64
otpu

Jv Ceti to a 8 47 0 3i 47 1.8 48 48.8

A — 48 0 13 48 6 -5 48 48.9
B — 48 3 8 48 49 48 49 48 49 516.97 Ni 1. 14
C — 49 2 4i 49 32-3 48 49.1

0 Tauri to A 9 1 3 0 1

1

5-5 *3 47-9
B — 13 3 6 J 3 48 13 48 13 48.1 5 8.48 N19.63
C — 14 2 3 14 3‘-5 13 48.3

« Orionis to a 1

1

4 i 3 12 41 5 l 43 38
A — 42 3 20| 42 55-3 43 37-7
B * 43 2 17 43 38-5 43 38.5 43 37-9 ^15.07 s 25-77
C — 44 1 12 44 21 43 37-8
D — 45 * 20| 45 25*3 43 37-7

Oft 1 1 _U. -<

\ Ceti to A 7 58 3 O 58 45 59 27.4
B 59 1 2 5l 59 27.7 59 27.7 59 27.5 5 16.97 Ni 1.14
C 8 0 0 2l| 0 10.7 59 27.5

0 Tauri to C — 25 0 20 25 10 24 26.8 24 26.8 5 8.50 N19.61
« Orionis to a 10 52 2 52 3°. 2 54 17-2

A — 53 2 9 53 34.5 54 *6.9

B — 54 1 4i 54,
17.2 54 17-2 54 J

7 -i ^5.07 s 15-77
C — 55 0 55 0.2 54 17

D — 56 0 10 56 5 54 17-4

1 2
l 4 5 6 7 8
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Table II. For reducing the horary wires of the Equatorial

Micrometer to that of the middle, when taken in mean

folar time.

, . »
Wires.

Equatorial

objedt.

Declination

7
° 48

'

Q ’s run •Jf ’s run O ’srun ’s run

The ift wire precedes the middle, add

2d

3d, or middle wire — —

4th is fubfequent to the middle, fubtraft

5 th

a

A
B

C
D

/ //

1 46.2
O 42.1

0 42.9

1 46.8

/ a
r 46
0 42

0 42.8

1 46.6

/ it

1 47-3
0 42.5

0 43-3
1 47.9

i it

1 47
0 42.4

0 43 2

1 47.6

1 2 3 4 5 6

r

Tabic
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Table III. Containing the obfervations of Tab. I. reduced fo as to fhewj

the correct differences of right afcenfion and declination between

Mercury and the ftars wherewith he was compared.

1786.
Date and object.

V

Hour.

Paffagc

over mid.

hor. wire

by journ.

clock.

Correftion

to reduce

the clock

to mean
time.

Corrcft mean
time of the

obfervation.

Intervals

of mean time

of different

obfervations.

Paits of

microme-
ter from
the tele-

fcope’s

center.

Prs. of micr.

reduced=r

dedin. from
the tele-

fcope's cen-

ter.

Sept. 23.

5 to the mid. wire

AM
5

/ //

26 34.7
/ //

-3 59-8
t //

5 22 34.9

Rev.Pti.

S 0.74
/ H

S 1 6

x Ceti to mid. wire

0 Tauri to the fame

PM
9
9

15 28.4

40 27.4

— 4 O.I

— 4 O.I
9 11 28.3

9 36 27.3

k*
/ 4 ,

*5 48 53-4
0 24 59 N19.72 N 30 26

1 .

Sept. 26.

X Ceti to mid. wire

0 Tauri to the fame
9

9

4 23.8

29 23

-4 43-2
““4 43-2

8 eg 40.6

9 24 39 - 8 0 24 59.2

Ni 1.14

N19.64
N 17 fi

N30 18

Sept 30.
x Ceti to mid. wire

0 Tauri to the fame

* Orion. to the fame

8

9
1

1

48 49
13 48.1

43 37*9

-4 5°-9

-4 50.9

-4 5°-8

8 43 58.

1

9 8 57-2

11 38 47.1

0 24 59.1
2 29 49.9

Ni 1. 14
Nig.62
s > 5-77

N 17 1

1

N30 17

S 24 20

Oft. 13.

x Ceti to mid. wire

j0 Tauri to the fame

• Orion. to the fame

j

7
8

10

59 27-5

24 26.8

54 17.1

— 6 26.4

-6 36.8
~ 6 37

7 52 5 I#I

8 17 50
10 47 40.1

0 24 58.9
2 29 50.1

Nn. 14
N19.61
S 15*77

N 17 11

N 30 15
S 24 20

|

1 2 3
j,

4 5 6 7 8

Table
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integer

and
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parts

of
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fecond

of

time.

The
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is
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in
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of

a

degree.
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Explanation of the lefs obvious parts of the Tables of the Obferva~

tion of Mercury near his Elongation
,

Sept. 1786.

The third column of Tab. I contains the times of obferva-

tion as they were taken down from the half-fecond journeyman

clock, in minutes, quarters, and beats
,
according to the following

method ; which was, by taking up the beat when the fecond

hand came to 15, 30, 45, or 60, and then counting 30 beats re-

peatedly till the arrival of the object at the middle of the wire it

was approaching ; after its arrival, the beats (or interval be-

tween two beats) being retained in memory, and the eye cad

upon the dial-plate, it was eafily feen whether it was fo many

beats more than the quarter, the half, three-quarters, or the

whole minute, and was fet down accordingly. Thofe reduced

to minutes, feconds, and tenths of feconds, by allowing .2 or .3

for the quarter fecond, .5. the half, and .7 or .8 for the three-

quarters of a fecond, are contained in the fourth column. The

reduction of the fourth column to the f fth was by means of the

auxiliary Tab. II.; and Mercury being then nearly dationary

refpeffing the fun, the fun’s run was ufed for the planet in-

dead of that of a dar. The mean of each fet of obfervations

of the fifth column is carried into the fixth.

The feventh column contains the parts of the micrometer

as they were read off; to render which intelligible, it is to be

noted, that the declination wire A travels from the upper fide

of the field of view of the telefcope towards the center, and

fomewhat beyond it : and upon it are taken all the objects that

pafs the field of view on the upper fide, anfwerable (by inver-

fion of the objecd) to the fonthern half of the field ; and in

like manner thofe that pafs the field of view on the lower

2 half
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half are taken upon the wire B, and for the fame reafon denote

a 'declination north. The fcale of the micrometers of each

wire begins from a point affirmed fomewhat without the field,

and the number increafes from thence towards the center of

•the field, and continues beyond it ; the integral parts are the

turns of the fcrew, and the centefimal the divifions of the

index plate, being divided into ioo parts. The point of the

fcale, anfwerable to the center of the field of view, having*

been found by obfervations on each fcale refpectively
; when

the wire A (Aujiralis) {lands at 30.84, it is in the center of the

field ; and when the wire B (Borealis

)

is at 28.1 1, it alfo cuts

the fame center. Hence the parts of the micrometer being

refpectively taken from thofe two numbers (which may there-

fore be called ccnjiant numbers) the remainder will be the

diftance of each refpedtive wire from the center in parts of the

micrometer. Thus, in the obfervation of 0 Tauri upon the

23d, the parts are B 8.39; this taken from 28.11, leaves

N 19.72, which are placed in col. 8. as the diffance, in parts

of the micrometer, that 0 Tauri paffed north of the center of

the field of view, or axis of the telefcope.

In like manner, in the obfervation of Mercury on the 23d*

the parts are B 28.85 ; but this being greater than the conftant

number 28.11, the excefs will be .74 parts; which being the

parts reaching beyond the center, they will be fo much fouth

of it, and are fet down therefore in col. 8. S 0.74 : and in this

manner the declinations of the reft are made out, from their

refpedlive numbers of parts of the micrometer, and fet down

in col. 8.

The numbers of the fixth column of Tab. 1. are transferred

to the third column of Tab. III.; and the declinations fet down

in parts of the micrometer, Tab. I, col, 8. are transferred to

col. 7. of Tab. Ill,

Ebbs CobEbbs
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Col. 4, of this table contains the corre<5lions of the-

times deduced from the journeyman clock (as per col. 3.)

to reduce it to mean time; which corrections are made

out from the general account of the goings of the tranfit

clock, corrected by tranfits of the fun, taken the. 2zd, 23d,

27th, and 30th of September, 2nd the 12th, 13th., and 14th

of O&ober *. The journeyman deck was regularly com-

pared at nights and mornings with the tranfit clock ; and ge-

nerally immediately after the obfervation. The meridian and

rotative obfervatories in which the clocks refpeCtively were,

are at the diftance of 53 yards E. and. W. ; the comparifons

were made by a feconds flop watch 4-.

The numbers of the fourth column being properly applied

to thofe of the third produce the fifth ; and which, with the

fixth column, will be fufficientLy explained by their titles. The
parts of the micrometer in the feyenth column, being reduced

into minutes and feconds, are contained in col. 8. and reflec-

tively fhew the minutes and feconds at which each objeT

pafled to the north or fouth of the center of the telefcope.

The value of the parts of the micrometer were obtained by

previous obfervations, from whence the following rule was

deduced : the numbers of turns and centefimal parts being con-

iidered as integral, and divided by 1.08, the quotient will be

the number of feconds. Thus,, in the obfervation of 0 Tauri

* The tranfit clock was made by Hindley, and has a pendulum rod of

etdar wood.

t The journeyman clock was generally fet to the tranfit clock on Sunday

mornings; and when from home the former was fuffered to go down. The
journeyman will generally agree with the tranfit clock to 1" in 24 hours; but during

the period of thefe obfervations, went remarkably well.

upon
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upon the 23d, the parts 1972, divided by 1.08, gives 1826"

= 3
q/ 7

; and the parts of mercury .74, divided by i.o8=r~

,

' 6 S
// = i

/
8

//
. Now the telefcope being fixed to one point of the

heavens during the whole period of thefe obfervations, without

any motion of any of the parts, the fcrews commanding
the declination wires A and B excepted, we are enabled to

judge of its fteadinefs to this point by the following remarks.

If it varied in declination, , this would.be fhewn by the paflage

of the fame ftar at a different diftance from the center of the

telefcope at different revolutions ; and if it varied in right afcen-*

fion, it would be fhewn by its not pafling the horary wires at

the due time, according to the acceleration of the ftars upon

the mean time of the. fun.. Both the right afcenfion and de-

clination may be varied by differences of refraction of the air

at the fame altitude ; and the right afcenfion is further liable to

be apparently varied, by the errors of the tranfit inftrument, -the

tranfit clock, the transferring of its time to the journeyman

clock, the intermediate errors of the fame, and of the obfer-

vation itfelf; and as there paffed an interval of. almoft .16

hours betwixt the paflage of Mercury over the field of. view of

the telefcope and that of x Ceti, whiclx was the nearefl: flar

wherewith a comparifon could be made, it will be a fatisfac-

tion to fee, as before intimated, what variations arofe in flill

greater intervals of time.

In right afcenfion.-

, „
Thus \ Ceti upon Sept. 23. paffed the horary wires at • - 9 II 28.3

an4 — 26. • S 59 40*6

\ Ceti therefore came fooner in three days by' -

but - ought to accelerate on mean time - ~

therefore came after three days exadly to the time.

11 47-7

11 47.7

Again*
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Again, o Tauri upon Sept. 23. patted the horary wires at -

and • 26. —

—

—— -

e Tauri therefore came fooner after three days by — —

ought to accelerare on mean time - —

/ u
9 36 27-3

9 24 39-3

11 47-5

11 47.7

therefore came too late in rhree days by .2

la declination.

/ //

0 Tauri upon Sept. 23. patted north of telefcope’s center » 30 26

26. — * ‘— - 30 18

——.— therefore patted lefs north, or more fouth, than before by 8

In like manner every companion that Tab. III. affords is par-

ticularly fef down in Tab. IV. which containing thirteen com-

panions in right afcenlion and ten in declination, the greateft

deviation -in right afcenlion is i
//

. 2
,
and ii

/;
of a degree in

declination. This fuppofes every error before mentioned to

xefide in the inftrument, and every other inftrument and obfer-

vation, which were concerned in the refult, to be perfedf

;

which, from the fmallnefs of the total errors, feems to indi-

cate a degree of fteadinefs ill the inftrument unexperienced or

unnoticed before.

Deduction of the foption of Mercury from the ‘preceding

obfervatio?is asft down in Tab. Ill,

In right afcenfion from col. 6.

in
6 Tauri followed X Ceti Sept. 2 %. - - - 24 59— —— 26. - - 24 59.2

30. - - 2459.1
* oa. 13. - - 24 58.7

- at a mean 'of the four - - 24 59

» Orionis
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Orionis followed o Tauri Sept. 50.
' * Oct. 13.

333
h.

,

2 29 49.9

2 29 50.1

—- • at a mean —

Now Mercury preceded x Ceti Sept. 23. —
X Ceti preceded 0 Tauri by mean of four

0 Tauri preceded « Orionis by mean of two

2 29 50

48 53.4

24 59
2 29 50

Mercury therefore preceded a Orionis by - — 18 43 42 ^

J11 declination from col. 8i

Sept. 23. A.M. Mercury parted the middle horary wire, fouthofits center I 8
Same evening 0 Tauri parted the middle horary wire, north of it — 50 26*

Therefore Mercury parted the middle horary wire more Si than 0 Tauri by 31 34..

But Sept. 26. x Ceti parted N. of center

0 Tauri

30. x Ceti

* 0 Tauri —

—

Oft. 13. x Ceti

0 Tauri ——

30 18 J

*7 nl
3° J

17 ”1
30 15/

/ u

J 3 7

J 3 6

! 3 *

From the fmallnefs of the above differences we may in fer^

that very little uncertainty in declination had attended that

palfage of 0 Tauri upon Sept 23.

P?
Upon Sept. 30. 0 Tauri parted N
. « Orionis S

Upon Oft. 13. 0 Tauri parted N
« Orionis S

3° ^ l

24 20 J

3° *5]
24 20 j

/ it

Sunl 54 37

54 35

'3

* Orionis then at a mean parted more fouth than 0 Tauri ,
—

« 54 36

Merc, therefore on the 23d parted with more N. declination than* Orionis 23 2

r InveJUgation-



: 35-1- 'Mr. Smeaton’s Obfervation of Mercury

Invejligatlon of the efj'&Bs of refraCtion.

The preceding dedu&ions-and remarks vfhew the confifteney

of the obfervations with themfelves
;

yet, * from' the poii-

tion of the telefcope, it being only elevated n°f above the

horizon?, it is necelFary to examine how far the deductions

above fpeeified were, capable of being affeCted by refraction.

And in this refpeCt'it will appear, that if it be fuppofed, there

-is no difference in the quantity ©f refraCtion of fuch objects as

appear within the limits of the held of view of this inftrument

(which is i° iy), then their relative pofitions to each other will

not be affeCted thereby : for if in fig. i
.
(Tab. XIII.) we fuppofe

the circle-XHRO to reprefent the boundary of the field of view,

HO being an horizontal and VR a vertical line, each, paffing

through, the ..center of the field at L; and if PLP denotes a

part of a parallel of declination, then BLX perpendicular

thereto, will be apart of an horary circle, both palfing through

the fame center. Now let d* be the apparent path of a flar,

fuppofing it unafFe&ed by refraCtion fill it comes to the vertical

line at *, and there to be lifted' up by refraCtion in the faid

vertical to L. Let e+ denote another ftar, alfo unaffeCted by

refraCtion, to pafs along the .different parallel of declination

e+ till it comes to + ; then, if it be fuppofed that the two

'Itars are both fituated in the fame horary circle, if at the point

+ refraCtion takes place, and by hypothefis • this is lifted up

equally with ’the other, in the perpendicular +/, then the

line +* being drawn through the places of the two Itars, will

• be cotemporary and parallel to LX; and the figure /+ #L
being evidently a rhomboides, the two Itars, fo altered by

* .This will readily be deduced by infpedion of the celeftial globe.

refraCtion,
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refraction, will arrive together at the horary circle LX at the

(ame time, and with the fame difference of declination, as if

ho refraCtion had taken place. It is therefore only the difference

of refraCtion which takes place in objeCts at different heights

in the fame field, that can alter their relative fituations : how-
ever, it appears neceffary to examine what this may amount

to.

Let the letters in fig. 2. denote the fame things as before:

to which we will add, that a. A, B, C, D, denote the parallel

horary wires of the micrometer, and AA
,
BB, the declina-

tion wires, denoted A and B in the tables : now from the celcftial

globe we fhail alfo readily obtain the horary angle VLP — 54T
— Lbe. Let now an objeCt pafs along the wire AA from the

horizontal line at d to the vertical line at h \ in this it will pafs

through a difference of refraCtion, according as it gets more

and more elevated above the horizontal line HO; and let the

elevation Lb be half a degree or 30 minutes : then, according

to Dr. Bradley’s Table of RefraCtion*, the difference of

refraCtion betwixt the 78th and 79th degrees of zenith diffance

is 23". 6, half of which 1 i'A8, may be effeemed the difference

of refraCtion for a difference of half a degree of altitude at

78°! zenith diffance, or of u°| altitude: the objeCt, there-

fore, in paffing from the horizontal line at d to the vertical line

at b paffes through every difference of refraCtion from o
x/

to

n'hS ; and the queffion is, how much it is at a medium
, that

is, when it arrives at the middle wire at the point c ? F rom

this point let fall the perpendicular ce. Now, the proportion

of the {ides of the triangle dbL being given from conffruction,

they may be taken off by a fcale, viz*

* Inferred in Dr. MasxelYne’s Obfervations, Vol. I. ]>. 13.

Vol. LXXVII. C c c Sup-
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Suppofe 1 74

db — 299

dL =242
and afifuming the fide L£ = 30

the other Tides by proportion r db=$j.6

as above will be i^
7L = 4i.y

The triangles Lbc and dee are fimilar to dbL ; therefore fay,,

as db — 5 1.6 : dL — 41.7 :: Lb— 30 : Lc = 2 4 ; and as Lb~
30 : Lit — 24 :: ^=41.7 : = 33.5 ; and again, as db —
51.6 : ^ — 33 5

:: L£ = 30 : r£ = 19.5 : but this will affeeff the

declination, only in proportion of the line ef drawn parallel

to LX ; and it will affect the right afcenfion according to the

lineyt: but the triangle ecf being fimilar to the original one

dbL
,
we fhall have db — 5 1 .6 : Lb — 30 ce = 19.5 :fc=: 1 1.3

for the line affecting the right afcenfion; and alfo, as db —
51.6 : dL = 41.7 :: ce— 19.5 : ef— 15.8 for the line affecting

the declination. But the effect of difference of refraction upon

the line Lb -=30' being only ii'
7
.8, the refpective effects of

the linesfc and ef will be in proportion ; that is,

/ / // //

as 30 : 1 1.3 :: 1 18 : 4.4 for the effect in right afcenfion,

and a3 30 : 15.8 :: 11.8 : 6.2 — declination
;

but as it has been determined, that when the line Lb is 30

minutes, the line LC, or the correfponding declination, will be

only 24 minutes ; the effets of refration above Bated will be

therefore due to 24b

Correctionfor the poftion of the wires.

The above corretions take place on fuppofition that the

feveral wires of the micrometer were ffritly parallel to the

refpetive parts of the circles of declination, and horary circles

in the heavens ; but in the pra&ical ufe of this inffrument it

is

1
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is found more convenient, on account of a ready and certain

adjustment, to place one of the wires AA or BB parallel to

the apparent track of the Star wherewith the planetary body is

to be compared: in confequence, when the Star * ,
fig. 1. is

lifted up to L, it will not Strictly purfue the line LP ; but

being lefs and lefs lifted up as it mounts higher, it will appa-

rently fall more and more below the line LP as it afcends above

the line HO, and will therefore take a courfe, fuppofe Lp.

The wire PLP being therefore adj ufted to agree with pLp
;
by

conftrudion of the instrument, the wire BLX will aStume the

pofition qLx perpendicular to pLp. The Star, therefore, that

ran along the parallel e + before it Suffered refraction, and at

+ was fuppofed to be lifted up to /, there not meeting LX
will take the courfe ly

,

nearly parallel to Lp, and have fome

difrance, as lz, to travel before it arrives at the new- placed wire

Lx

;

and it is now proper to examine what this quantity

may be.

Through the point % draw the line rzos parallel to HO, and

cutting the vertical RLV in 0, and let L0 be afiumed = 30
/

;

then, lince the angle XLv is fuppofed to be minute, the grofs pro-

portions of the fides of the triangles Lyz and Lyl may be, for

this purpofe, fuppofed the fame *, and the fame as Libe, dbL
,

fig. 2. to which the triangle Lzo, fig. 1. will alfo be Similar ;

as likewife the triangle yzo, and alfo the little triangle zlv : but

making the Side Iv of the triangle zlv equal to the etteCl of

refraCtion in perpendicular = 1 1
"

. 8 ;
then, to find the Side lz,

* I 3m aware, that the fuppofition of the fides of the triangles Lyz and Lyl

being the fame cannot be itri&ly lb; nor can they have the fame proportions
;
nor

are any of the lines concerned right lines, that are fuppoled fuch
;
but aflumptions

near the truth are allowable for the correction of an error in the grcatcjl part
,

that if uncorreCted would fcarcely amount to a grofs error.

C c c 2 the
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the didance run from the firil to the lad fuppofed place of the

wire, we need only fay, as L.b= 30 : db — 5 1.6 :: lv — 1

i

7/
. 8 : /z

r=20//

.3 ; and this will be its value when the declination Lc*

fig, 2. is 24
/

; but then the declination L/ or L c

~, fig. 1.

being greater than the perpendicular fide 1^0 (alTumed 30
7

)
in the

proportion of L% : Lo, fay, by fimilarity of triangles converfely,

as dL = 4i.7 : db~ 51.6 :: ho — 3c 7
: Lz — f&'.i ; but as the

corredion before dated of 2o
7/

-3 is an angular error, taking place

in proportion to the didance from the center, or the declination ;

for the declination given of 2f fay, as 38.2 : if :: 2o
7/

.3 : 13;

to which adding 4
7/

. 4, we (hall have for the whole error

in right afcenfion, fuppofing it in the equator, but mud be

again increafed in the proportion in which a dar having decli-

nation is dower than a dar in the equator ; that is, it mud be

increafed in the proportion of any of the numbers in the

fourth column of Tab. II. to the fimilar ones in col. 6. of

the fame table; that is, as T 4b
77

: T 47" or as 106 : 107,

:: 1

7

7/

.4 : 1
7

"

7
6 *.

As all thefe errors, arifing from difference of refradion, are

in proportion of the didance of theobjed from the center of the

telefcope, they will take place in proportion to the difference of

declination of the two objeds to be compared, whether they have

paded the field on the fame, or on different fides of the center.

Now the difference of declination of Mercury and u Orion is-

being only 'if 2"
•>
and the quantities being made out for 24

/

fay (rejeding the 2 feconds), as 24
7

: 23
7

:: 17A4 :

which turned into time in the run of the dar will be i
7/
.i

in right afcenfion.

* My friend Dr. Maskelyne obferves, that in JtriHneJs each liar ought to

have its own proper reduftion, on account of difference of declination, which in

mtrem cafes will amount to a fenlible quantity,

3 Say
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Say again, as 24' : 23' :: 6A2 : 6
7/

, the correction in de-

clination. From the near equality of the lines L/ and Ls, it

is evident, that no correction of declination is neceflary on ac-

count of the inclination of the wires, the whole difference fallino*
£>

in right afcenAon. As therefore Mercury pafled with zj z"
more north declination than a. Orionis, and pafled through a

part of the medium that lifted him up lefs ; it therefore gave

him lefs north declination than it did to a, and therefore appa-

rently diminifhed the real difference ; hence muft be added

to the apparent difference 23' z'\ making it 23' 8" difference

of declination : and as Mercury was lifted up lefs than a>

he would not fo foon come to the middle wire by i
7/

.i as he

fhould have done, he therefore came too late by 1". 1, which

mufl: be fubtra&ed from the time of Mercury’s paflage the 2d

of Sept, which will increafe the time in which he preceded

u Orionis; that is, 18 h. 43' 42
/7
.4 increafed by 1.1 will be-

come 18 h. 43
7

43". 5 difference of right afeenfion.

I have been the more particular in the inveftigation of this

obfervation, firft of all to afeertain the degree of dependance

that may be formed on an inftrument of the kind ; and, fe-

condly, to infer fuch eafy and Ample rules, that other Amilar

obfervations may be the more eaAly reduced. Being therefore

latisfledof the liability of the inflrument j if we had concluded

the obfervation with that of Mercury in the morning, and of

0 Tauri in the evening of the 23d, then the refult from Tab.

111. fliould have been

/ //

Mercury pafled the wires at •* *- “ 22 34*9

And 0 Tauri pafled at - 9 36 2 7-3

Difference of right afeenfion i5 J 3 52.4

which
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which is the very fame as was before deduced from the1

mean of the whole :

/ //

And if to Mercury’s declination fouth of telefcope s center — i 8

We add o Tauri’s north — 30 26

We fnall have for the difference of declination — - 3 1 34

the fame as before determined. Our obfervation would, there-

fore, in this cafe limply have been, that Mercury preceded

0 Tauri in right afeenfion 15b. if 5
2
".4 mean time, and

palled the wire with more fouth declination than 0 Tauri by

0+ *

After this, 0 Tauri would have required to be compared with

fome Well rectified liar by meridian infhuments ; but in the

prefent cafe « Orionis, one of Dr. Ma^kelyne’s Catalogue of

34 principal liars happened to lie fufficiently near the fame pa-

rallel of declination, to admit of 0 Tauri to be compared

therewith by the fame inlfrument, while pointed to the fame

place of the heavens. The operations which were fubfequent,

therefore, mull be confidered as intended to fave thole of a

meridian inllrument.

Now had our obfervation concluded with the above, then

the correction would have taken place upon the difference of

declination of 0 Tauri with Mercury, inflead of the ultimate

one with a Orionis; but it mull be obferved, that whatever

quantity of correction the difference of declination would occa-

lion, it would be compenfated in the difference of refraCtion of

of 0 Tauri and « Orionis, when they came to be obferved on

the meridian ; however, in the prefent cafe it happens to be

more commodious, as both can be done under one.

Preparatory then to the laying down the limple rule for the

correction of refraction, it is proper to premife, that it is evi-

dent,
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dent, the lines, fig. 2. Lb, Lc, ce, ef, being in continued

proportion L£ will be to ef in triplicate proportion of Lb to

Lc ; and that Lc will be to ef in duplicate proportion of

Lb : Lc. The difference of declination, therefore, due to

30' difference of elevation will be as Lb to Lc limply
; but the

efteCt of difference of refraCtion in declination will be lefs than

the difference of declination in the proportion of : Lc z

;

and that the effeCt of difference of refraction in right afcenfion

will be lefs than the difference of refraction in declination in

the proportion of Lb : cb limply.

Now it has been remarked, that the elevation of the tele-

fcope’s center above the horizon, and the horary angle VLP,
will always be readily given near enough for the purpofe by

the globe. A triangle given Lbd can therefore be cfonltruCted,

and the fide \J> being made 30' (or any convenient aliquot

part of a degree) the other fides will be found by propor-

tion : fay then, as in the prefent cafe, db= 5 1.6 : dL, = 4.1.7 ::

1^= 30 : Lr=24, for the difference of declination correfpond-

ing to half a degree of altitude: fay then, as 51.6“ 41.7%

that is, as 2663 : 1739 :: 24 : 15.7 =^ But without trou-

bling ourfelves with high numbers, if we take the proportion

51.6 to 41.7 by the Hide-rule twice, we fhall arrive at 15.7,

near enough for the value of the line ef : fay then, as Lb~
30 : ef— 15.7 :: 1 T'.8 : 6".

2

for the refraCtion in' declination :

and as^ = 41.7 : U— 30 :: 6A2 : 4". 4 for the refraction in

right alcenlion, according to the true pofition ot the wires :

and, for the correction of right afcenfion in the pofition of

the wires, lay,

Fig. 2. Fig 1.

t
— A

^ / ' —

^

As L£z=30 : db~ 5 1.6 :: h= 1
1
".8 : lz— 20" ;

and again, dJL= 4 i-J ; <#1=51.6 :: L<?~30' ; Lz=?$' .2.

Take
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Take 41ow Lb, fig. i. = Lc, :

g. 2. = 24', and draw the line

fig. 1. parallel to the line /zy, and then fay, as Ls =

3
8'. 2 : Lb (or Lij= 2f :: /% — 20A3 : ht— 13", which d-4^.4

=: i7
7/
.4 for the whole error in right afcenfion, with a declina-

tion or diftance from the center of 24' ; but as the errors both of

light afcenfion and declination are in proportion todiftance from

the center, as the difference of the planet and ffar is only 23',

fay, as 24' : 23' :: : i&'.y — \".i time; and for the de-

clination, fay again, as z\ : zf :: 6 ".

2

: 6
/7

declination*.

Reduction of Mercury’s comparlfon with a .Orionis, to right

afcenfion and declination.

We have laid it down, that the 23d Sept. 1786, A.M. at

5 h. 22' 34A9 mean time, Mercury preceded « Orionis 18 h.

43' 43". 5, and had then a more northern declination by

*3
' 8//

«

According to Dr. Maskelyne’s Catalogue of 34 flars, the

right afcenfion of a Orionis reduced to the time when he was

obferved is 85° 54' 12A

Now as the whole circle of the fphere makes a revolution

in the time that u Orionis makes one turn, which is

< //

23 56 4.1 then from this deduft

18 43 43-5

5 12 20.6 remains for the time that a Orionis preceded

* If the companion had been with o Tauri, then we mull have faid,

/ / // // //

As 24 : 3 1 § :: 17.5 : 23=1.5 of time,

and 24 : gif :: 6.2 : 8.1 corredtion for declination.

N. B. All thefe and the above proportions will be commodiouHy wrought with.

tjje Hide -rule.

Mercury
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Mercury in right afcenfion ; but if a ran the whole rotation

— 360° in 23 h. 5b 7

4
7/

. 1, what portion of it will be run in

5 h. i2
7
20/7.6= i8740 /7

.6 ?

But 24 h. = 86,400 feconds, and 360 = 1,296,000 feconds:

Time. Time. Of degrees. Of degrees 0

Say then, as 86400" : 18740". 6 :: 1296000" : 281 109"— — 78 5 9
But, according to Dr. Maskelyne’s feleft Catalogue, the right afcen-

ficn of a Orionis for Sept. 30, 178b, was, (which add) - 85 54 12

The right afcenfion of Mercury at the time of obfervation was therefore 163 59 21

According to Dr. Maskelyne’s feleft Catalogue a Orionis had decli-
0 y

nation north, corre&ed for precetfion — — 7 21 8.8

The fum of aberration and nutation from ConnoiJJance des Temps — •+ 8.4

The correft declination north of a Orionis

To which add that Mercury pafled more north

7 21 17.2

23 8

Mercury’s declination therefore was 7 44 25.2

The refult.

1786, Sept 23. A.M.
1 Mercury ,

s f
right afcenfion

at 5 h. 22' 35" M.T. J l declination north

163 59 21

7 44 25

Vol. LXXVII. Ddd
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XXXIV. A remarkable Cafe of numerous Births , with Obferva-

tions. By Maxwell Garthfhore, M. D. F* R. S. and A, S,

in a Letter to Sir Jofeph Banks, Bart. P. R, S.

Read June 21, 1787.

TO SIR JOSEPH BANKS, BART. P. R. S.

SIR, St. Martin’s-Lane. May 28, 1787.

'“T^HE following very extraordinary cafe, communicated to

JL me by Dr. Blane, F. R. S. I take the liberty, at his

delire, to tranfmit to you, with his letter to me, containing

the proofs of its authenticity ; hoping that it will appear to

you, as it did to us, worthy of being read at one of the meet-

ings of the Royal Society, as a fa£t in natural hiftory, wrhich is

equally uncommon, curious, and well vouched. In order, how-

ever, to make its lingularity more apparent, I have taken the li-

berty to fubjoin fome obfervations on births of this kind, with

fuch well authenticated accounts of limilar events as I have been

able to procure, confining myfelf chiefly to thofe which have

happened in our own country, where we are leafl: likely to be

deceived.

I have the honour to be,&c.

MAXWELL GARTHSHORE.

P. S.



Dr. Garthshore’s Remarks, See. 345

P. S. As one proof of its Angularity, I, many months

ago, employed various friends at Peterfburg, Berlin, Vienna,

Lyons, Paris, and Ghent, to collect for me well authenticated

cafes of this kind, and I have not as yet been able to procure

any.

Copy of a letter from Dr. Blane, Phyfician to his Majefty’s

Navy and to St. Thomas’s Plofpital, F. R. S. to Dr. Garth-

flaore, Phyfician to the Britifh Lying-in Hofpital.

D E A R S I R, * Sackville-Street, June 22, 1786.

A few days ago, I received from the country an account of a

woman who was delivered of five children at a birth in April

lafl. As your extenfive experience and reading in this line of

practice enable you to judge, how far this fa£t is rare or inte-

refting, I fubmit it to you, whether it deferves to be commu-

nicated to the Royal Society. Mr. Hull, the gentleman who

fent me the cafe, is a very fenfible and ingenious practitioner of

phyfic at Blackburn, in Lancafiaire. He attended the labour

himfelf from beginning to end, and his character for fidelity

and accuracy is well known to me, as he was formerly a pupil

at the hofpital to which I am phyfician ; fo that no fact can*

be better authenticated. He mentions alio, that he has pre-

ferved all thofe five children in fpirits; and, if delired, he will

fend them for the infpeftion of the Society *.

I am, with great regard, &c.

Gilbert BlAne.

* They were accordingly lent ;
and having been exhibited to the Society when

this Paper was read, are now depolited in the Mule uni ol Mr John Hunter.

d d d 2 Margaret
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Margaret Waddjngton, aged twenty-one, a poor woman

of the townfhip of Lower Darwin, near Blackburn in Lancaffiire,

formerly delivered of one child at the full term of pregnancy,

conceived a lecond time about the beginning of December

1785, and from that period became affedled with the ufual

fymptoms that attend breeding. At the end of the fir (l

month, fhe became lame, complained of conliderable pains in

her loins, and the enlargement of her body was fo remarkably

rapid, that fine was then judged by her neighbours to be almoft

half gone with child. At the end of the fecond month fhe

found herfelf fomewhat larger, and her breeding complaints

continued to increafe. When the third month was completed,

fine thought herfelf fully as large as fhe had formerly been in

her ninth month, and to her former fymptoms of hauled, vo-

miting, lamenefs, and pain of the loins, fine had now added a

diftreffing fhortnefs of breath. She continued to increafe fo

rapidly in lize, that fhe thought fine could perceive herfelf

growing larger every day, and file was under the frequent

neceffity of widening her cloaths. When fire reckoned herfelf

eighteen weeks gone, fhe firft perceived fomewhat indiftindtly

the motion of a child. By the 20th of April, 1786, all her

complaints were become much more diftreffing ; fhe had much
tenfion and pain over all the abdomen, her vomiting was in-

ceffant, and fhe now could not make water but with the utmofl

difficulty. The fymptoms being palliated by Mr. Lancaster,

fhe advanced in her pregnancy to Monday the 24th of April,

when being fuppofed to have arrived at the twentieth week,

fhe was feized with labour pains. Thefe continued gradually

to increafe till the next day, about two in the afternoon ; at

which time I was fent for, Mr. Lancaster being abfent,

and
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and (he was foon delivered of a fmall, dead, but not putrid,

female child. The pains continuing, this was foon followed

by a fgcond leis child ; to this very foon fucceeded a third,

larger than the firft, which was alive ; to thefe a fourth foon

followed, fomewhat larger than the firff, and very putrid

;

laft ol all, there loon lucceeded a fifth child, larger than any of

the former, and born alive. Thefe five children were all fe-

males ; two were born alive ; and the whole operation wras per-

formed in the fpace of fifty minutes. The firft made its ap-

pearance at two in the afternoon, and the laft at ten minutes

before three. Each child prefented naturally, was preceded by

a iepaiate burft of water, and was delivered by the natural

pains only. In a fhort time after the birth of the lad, the

placenta was expelled by nature without any haemorrhage, was

uncommonly large, and in fome places beginning to be putrid.

It conlifted of one uniform continued cake, and was not divided

into diftinct placentulae, the tabulated appearance being nearly

equal all over. Each funis was contained in a feparate cell,

within which each child had been lodged ; and it was eafy to

perceive, by the fhate of the funis, and that part of the pla-

centa to which it adhered, in which fac the dead, and in which

the living children had been contained. I examined the fepta

of the cells very carefully, but could not divide them as ufual

into diflin£t laminae, nor determine which was chorion dr

which amnios. I could not prevail on the good women to

allow me to carry it home, to be more narrowly infpe&ed ;

and I fubmitted more readily to their prejudice for its being

burned, as its very foft texture- feemed to me to render it hardly

capable to bear injection. The two living children having fur-

vived their birth but a fhort time, I was allowed to carry them

home ; and I have prelerved the whole five in fpirits, and have

fince
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fmce weighed and meafured them, and find their proportions

to be as follows in Avoirdupois weight, inches and parts.

The iff born dead

0z. Dr.

6 J2 Length
Inchei.

9

The 2d —— putrid 4 6 8|

The 3d —— alive 8 1

2

94
The 4th—— putrid 6 1

2

94

The 5th—— alive 9 — 94

The mother, in fpite of the crowds with which her cham-

ber was continually filled, continued to recover, and was able

to be out of bed on the 27th and 28th, her third and fourth days ;

but finding herfelf then weak, by my advice, kept her bed till the

nth of May, when fhe went out of doors, and on the 2 iff

walked to Blackburn, two miles diflant. This was the 27th

day from her delivery, fhe having entirely recovered her

ftrength without any accident. It may not be improper to

add, that the hufband of this woman has been in an infirm ftate

of health for three years paft, and is now labouring under a

confirmed phthifis.

I am, &c.

Signed, JOHN HULL.
Blackburn, Lancalliire,

June 9, 1786.

Obfervations
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Obfervations on numerous Births.

%

THOUGH the females of the human fpecies produce

moft commonly but one child at a birth ; and though
their formation with only two breads, and one nipple to

each, renders it probable they were not originally intended to

produce in general more than two
;
yet, from what we know

of the womb and its appendages, and what from the lated

experiments we are led to conjecture as to the mode of con-

ception, we cannot prefume a priori to fet limits to the

fertility of nature, nor determine decifively what number of

foetufes may be conceived and nourilhed to a certain period

in the human uterus at the lame time.

The prefent lingular and well-atteded cafe allures us, that

five have certainly been born at once, and we have no title

abfolutely to reject all the tedimonies of even more numerous

births, or to fay that, in fome rare indances, this number has

never been exceeded.

What has tended to render relations of this fort ridiculous,

and to throw a degree of diferedit on the whole, is the many
marvellous, and evidently ablurd and incredible hidories, which

not only the retailers of prodigies, but even the credulous

writers of medical obfervations, have colle&ed.

I need only refer thofe, who wilh to amufe themfelves with

furpriling relations of this kind, to the curious collections of

Schenkius, SchurigiUs, Ambrose Parey, and others.

But, in order to Ihew how very uncommon births of this

kind are, and how truly fingular the cafe communicated by

Mr. Hull to Dr. Blane is, I take the liberty to fubjoin a

Ihort
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fhort view of -the ufual courfe of nature in this matter among

ouf own country-women, where we are lead likely to be

deceived.

Though female fertility certainly varies according to the

climate, fituation, and manner of life
;
yet, 1 believe, it may

be taken for a general rule, that where people live in the moil

fimple and natural (fate, if they are the beft nourifhed, and if

they enjoy the firmeli health and ftrength, they will there be

the mod fertile in healthy children; but we have no data to

determine that they will there have the greatefl number at une

birth.

At the Britifh Lying-in Hofpital, where we have had

18,300 delivered, the proportion of twins born has been only

one in 91 births. In the Weftminfter Difpenfary, of 1897

women delivered, the proportion of twins has been once in

80 births; but in the Dublin Lying-in Hofpital, where above

21,000 have been delivered, they have had twins born once

every lixty-fecond time. The average of which is once in 78

births nearly, in thefe kingdoms.

The calculations made in Germany from great numbers, in

various fituations, Bate twins as happening in a varied propor-

tion from once every fixty-fifth to once every feveutieth time.

But in a more accurate and later calculation made at Paris,

by M. Tenon, Surgeon to the Salpetriere, we learn, that

in 104,591 births the proportion of twins was only one in

96, which is only a fmall degree lefs than we have calculated

at the Britifh Lying-in Hofpital.

It would be eafy to add other calculations, all differing from
thefe and from one another, more or lefs ; but I hope thefe are

fufficient to fhew that nature obferves no certain rule in this

matter

;
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matter ; and that even twins, the mofl ufual variation, is not

a very common occurrence.

When we advance to triplets, or three born at once, we
find comparatively very few inftances in this or any other

Country ; and though every one has heard of fuch events as

now and then happening, yet very few have feen them.

In all thofe 18,300 women delivered at the Britifh Lying-in

Hofpital, there has not been one fuch cafe. In the London
Lying-in Hofpital, where, being inflituted later, 'much fewer

have been delivered, they have had two fuch recorded as

prodigies. In the Weflminfter Dilpenfary, in 1897 women
delivered, there has been but one fuch event.

In the Dublin Hofpital, in 2 1 ,000 births, they have had triplets

born thrice, or once in 7000 times, but have never exceeded

that proportion or number, born at one time.

In a pretty extenfive pradticeof above thirty years, both in the

county of Rutland and in London, I have attended but one la-

bour where three children were born ; am perfonally acquainted

but with one lady who, at Dumfries, in Scotland, after bearing

twins twice, was delivered of three children at once ; and I was

Clever acquainted with any one who produced a greater number.

Yet fo much does this matter vary at Edinburgh, that Dr*

Hamilton, Profeffor of Midwifry, writes, he had feen trip-

lets born there, five or fix times in lefs than twenty-five years.

Mauriceau, in a long life of very extenfive practice at

Paris, with opportunities of knowing moft things extraordi-

nary that happened in his time in France, tells us, he had feen

triplets born but a few times ; had heard of four in that city

but once, and mentions no greater number.

One circumftance which he relates is fo far worthy of atten-

tion, as it accords with one fomewhat fimilar fubjoined to Mr.

Vol. LXXVII. E e e Hull’s
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Hull’s cafe now read, viz. “ That the hufband of one of

<c thofe women who bore three children was by trade a pain-

“ ter, and had been, for two years preceding this birth, para-

“ lytic over one-half of his body, and yet had no reafon to

44 doubt the fidelity of his wife.”

Thefe fads, as far as they are to be depended on, may fhew

us, that the capacity of procreation in the male may remain

under very infirm health ; and that we ought to judge with

candour of fuch wives as are fruitful when living with very

ailing hulbands, and who produce healthy children in the

eighth, or even ninth, month after their death ; as we can

never fay determinately under what degree of difeafe the

male is totally incapable of procreation : more especially as we

are very certain, that the female is not, when labouring under

very defperate, and certainly fatal, difeafes, provided the prin-

cipal organs of generation be found. Nay, in cafes of pulmo-

nary phthifis, the life of the female feems to be. protruded

by pregnancy ; and I have attended a lady, who, after being

pronounced irrecoverably, hedic, lived long enough to be twice

delivered naturally of healthy children at the full time.

But what particular circumdances of conditution, or date

of health, can capacitate the male to become the father of

more than one child at a birth, or how this could be effeded*

Ihould it be wifhed, remains among thofe fecrets of nature

which our want of fads and obfervations renders us utterly

incapable to fpeculate upon.

It feems probable, and thefe two obfervations, as well as

Spallanzanis, and other late experiments, would rather

incline us to luppofe, that thefe numerous births do depend

mod on the drudure and date of the female organs ; but

6 nothings
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nothing, that I know of, has ever been difcovered in this obfcure

matter.

The occurrence of four born at once we find to be much
more uncommon; and, I think, Haller’s conjecture rather than

calculation of its happening once in 20,000 births, very much
under-rated, as it appears that once in ico,ooo would be

much nearer the truth. Of this, however, we have feveral

well authenticated cafes which have happened in this ifland.

I11 the year 1674, there was published in London a quarto

pamphlet, intituled, 44 The fruitful Wonder, or a ftrange Re-
44 lation, from Kingfton upon Thames, of a Woman who,
44 on Thurfday and Friday, the Fifth and Sixth Days of this

“ In ftant March, 1673-4, was delivered of Four Children at

44 one Birth, viz. Three Sons and One Daughter, all bom
44 alive, lufty Children, and perfeCl in every Part, which lived

44 Twenty-four Hours, and then died, all much about the

44 fame Time, with feveral other Examples of numerous
44 Births, from credible Hiftorians, with the Phyfical and Aftro-

46 logical Reafons for the fame. By J. P. Student in Phyfic.”

Dr. Plott, in his Hiftorv of Stafford fhi re, p. 194. men-

tions Eleanor, the wife of Henry Diyen, of Watiington,

who was delivered of four children at a birth in the year

116751
•

Sir Robert Sibbald, in his Scotia IUufrata ,
after men-

tioning a cafe of three born at once, adds, 44 Imo in variis

44 regiii locis repertae funt mulieres quae quatuor foetus uno

44 partu ediderunt but makes no mention of more.

In the Gentleman’s Magazine, which is reckoned a pretty au-

thentic record of the times, we have the following accounts of

numerous births.

E e e 2 Ann
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Ann Boynton, of Henfbridge, in Somerfetfhire, was this

day, June i, 1736, delivered of three daughters and one fon ;

one of the daughters died, the red: are likely to live. The

mother has been married but four years, and has had twice twins

before, which completes the number of eight children at three

births.

October 3, 1743, at Rate, in Berkfhire, Joan Gallo-

way was delivered of two boys and two girls, three of whom
were alive.

In January, 1746, the wife of Plumer, a labouring man,

at Mill-Wimley, near Hitchin, Hertfordfhire, was delivered

of three living boys and one dead.

Augufl 22, 1746, the wife of Williams, of Coventry-

ftreet, Piccadilly, was delivered of two boys and two girls, all

likely to live.

June, 1752, a woman in the parifh of Tillicultrie, near

Stirling, in Scotland, was delivered of four children, which

were all immediately baptifed, and all died at the fame time

next morning.

In September, 1757, a poor woman, of Burton Ferry,

Glamorganlhire, was delivered of three boys and a girl.

Dr. Hamilton before mentioned writes, that, not many
years ago, a woman was delivered of four children, at Penny-

cuick, the feat of Sir John Clark, Bart, near Edinburgh,

when the was advanced to the middle of her lad: month of

pregnancy, and that fome of thefe children lived two or three

years. He further fays, that, five years ago, he attended a

woman at Edinburgh, who, in the feventh month of her

pregnancy, after a journey of thirty miles, was fuddenly deli-

vered of four children, all perfect and well grown for the time,

of which one was born dead, and three alive ; but thofe three

3 died
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died next day. He further adds, that thefe are the only cafes

of quadruplets, or any larger number, he had ever heard of,,

as born in Scotland, in his memory.

Though cafes fimilar to the prefent of five children born at

once, are ftill much more uncommon ; and though Haller’s
affertion of their not happening above once in a million of

births, may be reckoned a very moderate calculation, yet we
are not altogether without fuch inftances in this country.

From the Gentleman’s Magazine we learn, that on the 5th.

of Odober, 1736, a woman at a milk-cellar, in the Strand,

was delivered of three boys and two girls at one birth; and

that in March, 1739, at Wells, in Somerfetfhire, a woman
was delivered of four fons and a daughter, all alive, all

chriftened, and all then feeming likely to live.

In the Commercium Literarium Norimbergenfe for the year

1731, we have two fuch cafes; one happening in Upper

Saxony, the other near Prague, in Bohemia; in each of which

five children were born and chriftened, all of whom were

arrived to that equal degree of maturity, which rendered it

probable, they were all conceived about the fame time.

I learned from two foreign Profeflors, when in London lafi:

winter, that they had ,each heard of a cafe of five children

born near Paris, and near Ghent in Flanders ; but the particu-

lars not being fent as promifed, I prefume they may have been -

mifinformed.

When we advance farther we get into the region of tradi-

tion and improbability ; and it would ill become me to trouble

a Society, whofe profelTed objed is truth and fcience, withi

the numerous and wonderful relations which many grave and

learned authors have recorded as fads they themfelves believed;,

yet I hill think we have no authority to rejed abfolutely every.

relation
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relation of this kind, when Ambrose Parey, a very honeft

though credulous man, tells, that in his time, in the parifh of

Sceaux, near Chambellay between Sarte and Maine, the mo-

ther of the then living lord of the noble houfe of Malde-

meure had, in the firft year of her marriage, brought forth

twins, in the fecond triplets, in the third four, in the fourth

five, and in the fifth year fix children at one birth, of which

labour fhe died ; and when he adds, that of thefe lafifix one is

yet alive, and is now Lord of Maldemeure, how can we dis-

believe this circumftance ? This ftory may very pofiibly be in-

accurately {bated, yet the whole cannot be a fi&iori, as it was

publifhed among the very people, and in the age when it hap-

pened, and never has been fince contradicted fo far as we
know. Though the wonderful regularity of the progrefs gives an

appearance of fable to the whole, yet we mud believe the

thing to be poflible : and that this then exifting lord might be

the only one of the fix who lived long enough to be born at

the full time,* in a mature hate ; the whole, or molt of the

other five, as we have fometimes feen in cafes of twins, hav-

ing been born as dead abortions, which had never arrived to

a bulk fuflicient to interfere with his growth.
4

i

I leave the learned to pay what degree of credit they pleafe

to the wonderful relations we read of the extreme fertility of

the women of Egypt, Arabia, and other warm countries, as

recorded by Aristotle, by Pliny, and by Albucasis, where

three, four, five, and fix children are faid to have been fre-

quently born at once, and the greateft part of tliefe reared to

maturity; and will only fay, that though a late traveller M.
Savary gives ample teftimony of the extieme general ferti-

lity of Egypt in all vegetable and animal productions, and par-

ticularly
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ticularly of its abundant population, he mentions nothing of

the numerous births recorded by the ancient naturalifls and

hiflorians.

Of dill more fruitful births I will pafs over a number of in-

fiances which I could adduce from Johannes Rhodius, Lucas
Schroeckius, Caspar Bauhin, Johannes IIelvigius, Bi an-

chi, and others, and finifh with one cafe more, recorded by

Petrus Borelli in his Second Century of Obfervations, pub*

lifhed at Paris in the year 1656 ; a colleflion indeed filled with

many wonderful dories, though by a man of equal integrity

and ingenuity : he tells us, that in the year 1650, juft five

years before, the lady of the then prefent Lord Darre produced

at one birth eight perfect children, which he owns was a very

unuiual event in that country.

I think it totally unneceffary to purfue this enquiry farther;

but muft obferve, that the prefent is the only cafe 1 have

found, where the children were all females; that the males

have in all the other cafes been at leafl equal, and generally

the mod numerous; that in many of them, at leafl a part was

dead born ; and that mofl commonly the refl died in a fhort

time. It is thence clear, that thole numerous births are cer-

tainly unfavourable to population, as very few indeed of thofe

children can be carried to near the full term of pregnancy, and

fewer dill to that degree of drength that admits of their being

reared, where more than two are born at one time.

As from Mr. John Hunter’s very curious Experiments and

Obfervations, read lately to this Society, on the Procreation of

Swine, we are led to believe, that a certain determined number

of ova, capable of receiving male impregnation, are originally

formed in each ovarium ; and which number, when exhaulled,

the female conflitution has no power to renew ; if this be the

tru®
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true account of the oeconomy of nature in this particular*

which has every appearance of probability, thofe numerous

births mud: occafioti a very fruitlefs profufion and wafte of the

human race, and become every way detrimental to its increafe.

From the united teflimony of all the foregoing cafes, it is

undeniably clear, that the females of the human fpecies,

though mod: commonly uniparous, are, in certain circumftances

to us unknown, every now and then capable of very far ex-

ceeding their ufual number; and I mud: again repeat, that it

does not appear that we can fet any bounds to the powers of

nature in that refped ; or pretend, as fome have done, with

certainty to fay, what may be the utmod: limits of human
fertility.
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XXXV. Chloranthus, a new Genus of Plants
, defcribedby Olof

Swartz, M. D. Communicated by Sir Jofeph Banks, Bart .

P. R. S.

Read June 21, 1787.

A MONG the numberlefs vegetable productions that have

^ appeared in the Royal Garden at Kew, is the prefent.

It is already long fince this curious plant has been introduced

there as a native of China, where, we are told, the fame is cul-

tivated in the Chinefe gardens, though it feems not to have

any qualities either palatable or odoriferous, nor a beautiful

appearance.

At the firft fight of the plant, there is fome likenefs of Vif-

cum or Loranthus ; and confidering the inflorefcentia, and the

infertion of the anthers, we find no lefs analogy ; though on a

nearer examination it is greatly different, and of a very intricate

conftruCtion.

The pains I have taken to enucleate the family relation of

this hitherto unknown vegetable, have induced me, for the

fake of its lingularity, to prefent it as a new genus, of which

I think the following natural character may be the moft proper:

Calyx null us ; fed

Squama ovata, acuta, concava, cui germen infidens.

Corolla monopetala, dimidiata, vel

Fetalum unicum, fubrotundum, trilobum, convexum,

lateri exteriori germinis infertum, ftaminiferum, deci-

duum.

Vol. LXXVII. F f f Lobu3



Dr. Swartz’s Description of

Lob its intermedius caeteris major.

Siam. Filamenta nulla.

Antherae quatuor, marginibus petali longitudinaliter ac*

cretae, bivalves.

Fiji. Germen oblongum, vel obovatum difForme, fquama fere

tectum, antice prominens, petaligerum.

Stylus obliquus, craffus, breviffimus, angulatus.

Stigmata tria, minutiflima, eredta.

Per. Bacca oblonga, monofperma.

Semen oblongum.

From this generical defcription the effential character is

formed :

Calyx nullus.

Cor . Petalum trilobum lateri germinis infidens.

Antherce petalo accretae.

Bacca monofperma.

This new genus is to be placed in Tetrandria Monogynia

with fores incompleti
, Juperi,

next after Acana ; and among#

the Ordines naturales I think it would belt take its place in

the XLVIII. L next after Vijcum.

To diftinguifh this fpecies from others, that may be difco-

vered of the fame genus, I have adopted the nomen triviale of

Chloranthus inconfpicuus

:

'

Its fpecific defcription is as follows :

Planta herbacea.

Caules plures ex radice, femipedales, patentes, fubere&i,

ramofiufculi, teretes, glabri.

Ramt oppofiti, patentes, teretes, fhiati, glabri.

Folia petiolata, decuifata, oppofita, Janceolato-ovata, mar-

gine ferrata, nervofa, venofa, fubfucculenta, glaberrima,

pallide viridia.

Petioli



3 6 *a new Genus of Plants*

Petioli breviufculi, fuperne canaliculati, glabri.

Stipule interpetiolares, utrinque denticulis duobus mi-

nutis, membranaceze, perfiflentes.

Flores paniculati.

Panicula terminalis, eredba, (implex.

Racemi (vel /piece) oppofiti, decuffati, erectiufculi, fubfafti-

giati.

Flores oppofiti, decuffati, feffiles, folitarii, minuti, mag-

liitudine capitis aciculae, fubfucculenti, ex albido lutei.

Pollen flavum.

Stigmaja aibida.

Bacca nigra, magnitudine piperis.

I have not been able to find any defeription or figure anfweiv-

Ing to this plant in the works of the Eaft-Indian naturalifls*

I have only met with one Chinefe drawing, in the library -of

Sir Joseph Banks, Bart. P. R. S. among fome others of their

garden plants, that feems to reprefent the prefent.

It is faid to be called Chu-Lan by the Chinefe ; but it ought

not to be confounded with the Tsjiulang or Camunium Chi-

nenfe of Rumphius (Herb. Amboin. 1. VII. cap. xv. and

Audtuarii ejufd. cap. xlvii.), the defeription of which feems

to correfpond in fome parts with the Chloranthus : the firft

figure, however, on the eighteenth plate fhews the plant of

Rumphius to be the Vitex pinnata of Linnaeus.

F f f 2 EXPLA*
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, &c.

EXPLANATION OF THE PLATE. (Tab, XIV.)

The plant in natural fize.

a . A part of a racemus with flowers, magnified.

b. A flower magnified, feparated from the racemus, con-

taining the piftillum, with the petalum inferted on the fide of

the germen.

c. A petalum feparately, with its four antherae inferted on

the margins of the lobes.

d. The germen without the corolla.

e. The germen when in flower, cut tranfverfely, Shewing

the rudiment of the feed.

f. The bacca, cut tranfverfely, with one room and feed, of

natural fize.

g. The form of the feed.
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XXXVI, On the PreceJJion of the 'Equinoxes . By the Rev.

Samuel Vince, M. A. F. R. S.

Read June 21, 1787.

1. F
|
1HE true caufe of the preceflion of the equinoctial

JL points was firft affigned by Sir Isaac Newton
; but

it is confefled, that he has fallen into an error in his inveftiga-

tion of the effeCt. Without, however, entering into any enquiry

relative to the circumftances in which he has erred, I propofe to

fhew how we may obtain a true folution from his own principles,

by means of which alone the whole calculation may be rendered

extremely limple and evident : and although very fatisfaCtory

folutions have been already given, yet the importance of the

problem will fufficiently apologife for offering any thing fur-

ther upon the fubjeCt that may at all tend to elucidate it,

2. Let S (Tab. XV. fig. 1
.)

be the fun, ABDC the earth, T its

center, EQ^ the equator, P,/, the poles ; draw CTB perpendi-

cular to SAD, and join SE, which produce to meet CB in K.

Call the radius ET unity, and let the force of the fun on a

particle at T be then the force on a particle at E =

— * hence, if we refolve this latter force into two others, one
se2 * 9

in the direction ET, and the other in the direction parallel to

TS, we have SE : ST :: ; the force in the direction parallel

to
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rn TS—IX =—IX_ = -7-, +—r . omitting the other terms of
SE

3

ST—£K 61 bi

the feries on account of their fmallnefs. Hence the force

with which a particle at E is drawn from CB is equal to

;
confequently the effect of this force in a direction per-

pendicular to ET will be ; hence this force : the
A u 1 J

force of the fun on a particle at T :: : ~
2 :: 3EK

x KT : ST. Now if P=:the periodic time of the earth,

the periodic time of a body revolving at the earth’s furface

;

then the force of the earth to the fun : the force of the body

to the earth, or the force of gravity, :: p- : p.*
and hence the

force of the fun on a particle at E perpendicular to ET : the

force of gravity ::
<#
3EK x KT x p'

1.

3. Let v be the center of gyration, and put M=^the quan-

tity of matter in the earth : then the effect of the inertia of M
placed at v, to oppofe the communication of motion, is the

fame as the effect of the inertia of the earth ; and hence, by

the property of that center, ET2
: Tu2 (=*4ET2

)
:: M : 4 M,

which is the quantity of matter to be placed at E to have the

fame effect.

4. Put /» = the excefs of the quantity of matter in the

earth above that of its infcribed fphere. Now by Sir Isaac

Newton’s two firfc lemmas, it appears, that the aCtion of

the fun upon the fhell of matter, to generate an angular

velocity about an axis perpendicular to CABD, is juft the fame

as it would be to generate an angular velocity in a quantity of

matter equal to 4 tn placed at E. Let us therefore fuppofe the

fun’s attraction, perpendicular to ET, to be exerted upon a

3 quantity
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quantity of matter at E equal to * m, and at the fame time to

have a quantity, of matter to move equal to 4 M, and then from

this and art. 3. it appears, that the effedt will be the fame as

the accelerative force of the fun to turn about the earth.

Hence that accelerative force is, from art. 2. equal to

x £ = '

aAl X/ > S ravity be‘ng unity- Now,

if TE : TP :: 1 : 1 — r, then M : M — m :: 1 : 1 — 2 r, there-

fore, M : m :: 1 : ir, hence — = r, confequently the accele-

- qEK x KT x p
z
x r

rative force = - p— •

5. Let z— the arc defcribed by a point of the equator about

its axis in an indefinitely lmall given time, which may there-

fore reprefent its velocity ; and let az reprefent the arc de-

fcribed in the fame time by a body revolving about the earth at

its furface ; then
‘—f

— the fagitta of the arc defcribed by the

body in the fame time, and confequently azz — the velocity

generated by gravity whilft a point of the equator defcribes z,

TT 1 1
3EK x KT x x r

Hence, by art. 4. we have 1 : p—-— :: arz :

?EK x
the. velocity of the point E of the equator

generated by the adlion of the fun, whilft the equator defcribes

z about its axis ; confequently the ratio of thefe velocities is as

3EK x KT x p
1
x a

1
zp : I.

6. Let y be an arc defcribed by the fun in the ecliptic to a

radius equal to unity, whilft a point of the equator defcribes i;

about its axis ; then (as ap~ the time of the earth’s rotation, and

the arcs defcribed in equal times to equal radii are inverfely as the

periodic times) p : ^ :: y : ; hence, if v and w be put
ap

for
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for the fine and cofine of the fun’s declination, the ratio of the

velocities in "the laft article becomes . I#

y. Hence if TSL (fig. 2.) be the ecliptic to the radius

unity, P the plane of the fun, SER the equator, PE the fun’s

declination, and we take Ec : cd ( cd being perpendicular to

Ec) :: 1 :
3—

, and through J, E, defcribe the great circle

TEM, then will ST be the preceffion of the equinox during the

time the fun defcribes y in the ecliptic. Now Ed (or Ec, as

the angle at E is indefinitely fmall) : dc :: rad. =1 : fine

angle E== -f— hence (if SV be drawn perpendicular to

TE) 1 : fine SE :: *1^1 : S
y^3^x fm. se xj

. therefbre>

fm. STV or ESP : i :: SV :

P x fin. ESP

8. Now — fin. SP, and hence -r
fin. ESP cof. ES iin. ESP

vw

fin. SP x cof. SP

cof. ES ; but
cof. ESP

tan. ES X cot. SP
= i, hence

vw
fin. ESP

fin. SP x cof. SP X cof. ESP fin. SP
2
x cof. ESP r ,

r VQ
-

,

— -55- = ?
——

; confequently,
cof. ES x tan. ES x cot.SP fin. ES -1 J

gT _ 3 *pr X fin. SP* X cof. ESP X i- _ * _ fm> gp)

3^.-Xc°_f. ESPX^ whofe fluent, when * = i, is
w>rxcof- ESPxy

(y being now = to a quadrant) the arc of preceffion whilft the

fun defcribes 90° of the ecliptic ; and to find the degrees fay,

.. 3at>r x c°f ESP.x y , 0 ^afir x cof. ESP r .

4y : 3 6° ::
yy

: 3 60 x > confequently

the preceffion in a year — 360° x —tL
nf,

-

ES
-- = 2 i

//
6
W

. This

would be the preceffion of the equinox arifing from the attraction

of the fun, if the earth were of an uniform denfity, and the ratio

of





*
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•of the diameters as 229 : 230 ; but if the greatefl nuta-

tion of the earth’s axis be rightly ascertained, the preceflion

is only about 14 ; which difference between the theory

and what is deduced from obfervation muft arife either

from the fluidity of the earth’s furface, an increafe of den-

sity towards the center, or .the ratio cf the diameters being

different from what is here aflumed, or probably from all the

caufes conjointly. But as the heft obfervations muft be liable

to fome fmall degree of inaccuracy, and an error of one

or two feconds in the nutation will, in this cafe, make a very

confiderabie alteration in the concluflon, the eflimation of the

preceffion arifing from the adtion of the fun feems to be fubjedt

to a very conflderable degree of uncertainty.

G ggVol. LXXVII.
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XXXVII. Abjlraft of a Regjler of the Barometer
,
Thermome-

ter, and Rain at Lyndon in Rutland, in i y86. By Thomas

Barker, Efq. Afo of the Rain at South-Lambeth, in Surrey ;

and at Selbourn and Fyfield, Hampshire. Communicated by

Thomas White, Efq. F.R.S.

Read June 21, 1786.

Barometer.

Hio-heft Lowell.a
I

Mean.

Inches. Inches. Inches.

Jan.
Morn.
Aftern.

29,87 28,33 29*18

Feb.
Morn.
Aftern

29,96 28,84 29*5°

Mar.
Morn.
Aftern.

29*78 28,76 29*29

Apr.
Morn.
Aftern.

29*56 29,02 29*46

May Morn.
Aftern.

29,90 28,75 29,46

June
Morn.
Aftern.

29,90 29*3 2 29*53

July
Morn.
Aftern.

30*00 29*05 29,56

Aug.
Morn.
Aftern.

29*84 20,01 29*43

Sept.
Morn.
Aftern.

29,98 28,40 29*35

Oct.
Morn.
Aftern.

30,00 28,29 29*55

Nov.
Morn.
Aftern.

29,81 28,55 29*36

Dec.
Morn.
Aftern.

3°*°5 28,44 2 9* I 5

Thermometer. Rain.

In the Houfe. Abroad.

High. ! Low. Mean High Low. Mean

0 O O O O O

49 25 38 48} Hi 34
50 25 39 53 J 9 39
48 32i 40 45

1

24 34
46I 33 41 49 27I 39l
46 28 37 46 18 30

471 29 38 5°i 22I 39
55l

081
D°2 47 -52 29 41

57 40 48 68 37 5i

631 45 53 59l 32 48I
65I 46} 55 73 49 59i
66 58J 62 65 49 56I
69 59 64 80I 60 68

65 561 61I 62I 5° 56
66^ 581 63 74 5 1 66

67 57 61 65 48 55
68 58f 62 75i 57 651
61 49 55 58 38 47
61 49 561 67 47 57
54! 45 49 50 3 1 41

55i 451 50 62I 42 49
45 361 4 1 45 27 35
45 Fj 3^ 41J 47

1

30 39
46 32 39 2 45f Thermom.

46 33 4°1 4b broken.

Lyndon S.Lam
beth.

Inch.

3>467

0,665

0,832

1*252

2*3^3

M 8 3

L799

2,632

2,840

4,762

2*93 8

2,136

Inches 27,289

Inch.

2,48

1,08

I, II

1,22

°*97

2,24

0,86

1,19

8,22

3*°6

22,43

Sel-

bourn.

Inch.

6,58

1,27

M3

1,63

2,16

1*05

1, Si

4,oo

4,50

5.04

4,38

5*^2

39*57

Fyfield,

Inch.

4*93

4*78

1,64

i»4*

2 »79

1*42

3*57

1,62

4» j 8

1,22

4,13

29,60

The
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The frofts at the end of 1.7 8 5 and beginning of 1786 were

fevere, but not long, with large fnows the end of December

and middle of January. The intervals were wet in January

and windy, but mild in February. At this time fome far-

mers fowed a little barley, which, after lying a great while in

the ground during the following froft, came up well at lad:,

was forward, and profpered. The end of February and begin-

ning of March was the longed: froft this winter, being a full

fortnight, and the wind being ftrong from theeaft, and no fnow

at fird:, and when things were getting forward, it did more

hurt than all the frofts this winter; and the winds continued

much N.E. and frequently frofty the red: of the month. The

feed time was good, but rather backward, and the weather in

general dry in February, March, and April, the wind often

N.E. and the feafon backward, yet not fo many frody nights

as in fome late fprings, and the latter half of April mild and

growing. After fome frofty mornings the beginning of May
it was in general a growing month, and a fine rain before the

middle made plenty of grafs ; and the latter end of May, and

mod: part of June and July, being fine and moderately hot,

I think, I never knew fo much hay fo well got in any year

before, which was of great fervice, as there was fcarce any

old left. The fil'd: fown turneps flood very well; but the

drynefs of the feafon hindered the latter fown from coming up

well till Augud, and many were fmall ; and the feafon was drier,

and the ground more burnt, in the north of England than here.

The laft day of July began a cool, fhcwery feafon, which

much improved the grafs and turneps, but hindered the begin-

ning of harveft, which, however, was afterward well gotten.

The crop of barley this year was great, the wheat good, oats

indifferent : but a great part of the beans never came up well

;

G g g 2 whether
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whether because the feed was ill gotten laft year, or becaufe a’

frofty March after they were fown fpoiled them. I think I

fca'rce ever knew more north winds in fummer, or more eaft

winds in October or November, than this year. From Auguft

to December there was a great deal of rain by fits, particularly

the middle of Auguft, about Michaelmas, the.6th to the 12th

of October, the third week in November, and firif half of

December; yet with intervals of fair fine weather between.

It was much windy, and fome great {forms on September 14,

October 8, and December 14. The N E. winds in. October and

November brought on cold weather early ; and the accounts

from the northern countries complained of a fevere beginning

of winter, almoft (hutting up the Baltic before the ufual time

;

but the reft of the winter proved very different. After the

rains in the former part of December, the year ended frofiy,

and to Chriftmas as (harp as any this winter; but no way

remarkable, and with little of either rain or fnow.

Since I faw that corona about the Moon, mentioned in Phi-

lofophical Tranfactions, Vol. LXX 1 II. p. 245. I have fome

few times feen a very faint appearance of it, and made the

following remarks about it. The common bright circle round

the moon, bounded by a yellowifli red, is of much larger dia-

meter, more diffufed, and fainter, when the air is warm and

the clouds mifty ; but no corona then appears. The time to

expeft it is in a frofl, or when inclined to it, the clouds better

defined and white ; that firft circle is then much lefs in dia-

meter and brighter. It was remarkably fo when the corona

appeared November 37, 1782: and it has always been fo in

fome meafure, whenever there has been any tendency to it

fince.
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XXXVIII.Obfervations on the Structure and Oeconomy of Whales.

By John Hunter, Efq. F, R. S. ; communicated by Sir Tofeph

Banks, Bart . P. R. S.

HE animals which inhabit the fea are much lefs

known to us than thofe found upon land ; and the

oeconomy of thofe with which we are belt acquainted is

much lei's underlfood : we are, therefore, too often obliged to

reafon from analogy where information fails; which mud;

probably ever continue to be the cafe, from our unfitnefs to

purfue our refearches in the unfathomable waters.

This unfitnefs does not arife from that part of our oeconomy

on which life and its functions depend ; for the tribe of ani-

mals which is to be the fubjeft of this Paper, has, in that

refpeft, the fame oeconomy as man, but from a difference in

the mechanifm by which our progredive motion is produced.

The anatomy of the larger marine animals, when they are

procured in a proper date, can be as well afcertained as that of

any others ;
dead drufture being readily invedigated. But even

fuch opportunities too feldom occur, becaufe thofe animals are

only to be found in didant feas, which no one explores in pur-

fuit of natural hidory ;
neither can they be brought to us alive

from thence, which prevents our receiving their bodies in a

Read June 28, 1787.

date
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ffate fit for difle&ion. As they cannot live in air, we are

unable to procure them alive.

Some of thefe aquatic animals yielding fubffances which

have become articles of traffic, and in quantity fufficient to

render them valuable as objedls of profit, are fought after for

that purpofe; but gain being the primary view, the refearches

of the Naturalifl are only confidered as fecondary points, if

confidered at all. At the befl, our opportunities of examining

fuch animals do not often occur till the parts are in fuch a

flate as to defeat the purpofes of accurate enquiry, and even

thefe occafions are fo rare as to prevent our being able to fup-

ply, by a fecond diffedtion, what was deficient in a firft. The
parts of fuch animals being formed on fo large a fcale, is ano-

ther caufe which prevents any great degree of accuracy in their

examination ; more efpecially when it is confidered, how very

inconvenient for accurate diffedtions are barges, open fields,

and fuch places as are fit to receive animals, or parts, of fuch

vaft bulk.

As the opportunities of afcertaining the anatomical ffruc-

ture of large marine animals are generally accidental, I have

availed myfelf, as much as poffible, of all that have occurred

;

and, anxious to get more extenfive information, engaged a Sur-

geon, at a confiderable expence, to make a voyage to Greenland,

in one of the ffiips employed in the whale fifhery, and fur-

nifbed him with fuch neceffaries as I thought might be requi-

lite for examining and preferving the more interefling parts,

and with inffrudtions for making general obfervations ; but the

only return I received for this expence was a piece of whale’s

Ikin, with fome fmall animals flicking upon it. From the

opportunities which I have had of examining different animals

of this order, I have gained a tolerably accurate idea of the

5 anatomical
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anatomical ftru&ure of lome genera, and fuch a knowledge of

the drudture of particular parts of fome others, as to enable

me to afcertain the principles of their oeconomy.

Thofe which I have had opportunities of examining were

the following

:

Of the Delphinus Phocaena, or Porpoife, I have had feve-

ral, both male and female.

Of the Grampus I have had two ; one of them (Tab. XVI.)

twenty-four feet long, the belly of a white colour, which termi-

nated at once, the tides and back being black; the other (Tab.

XVII.) about eighteen feet long, the belly white, but lefs fo than

in the former, and (haded off into the dark colour of the back.

Of the Delphinus Delphis, or Bottle- nofe Whale (Tab.

XVIII.) I had one fent to me by Mr. Jenner, Surgeon, at

Berkeley. It was about eleven feet long. I have alfo had one

twenty-one feet long, refembling this lad in the (hape of the

head, but of a different genus, having only two teeth in the

lower jaw (Tab. XIX.); the belly was white, (haded off into

the dark colour of the back. This fpecies is defcribed by

Dale, in his Antiquities of Harwich. The one which I

examined muff have been young ; for I have a (kull of the

fame kind, nearly three times as large, which mud have be-

longed to an animal thirty or forty feet long.

Of the Balaena rodrata of Fabricius, I had one, feven-

teen feet long (Tab. XX.).

The Balaena Mydicetus, or large Whalebone Whale, the

Phyfeter Macrocephalus, or Spermaceti Whale, and the Mo-

nodon Monoceros, or Narwhale, have alfo fallen under my

infpe&ion. Some of thefe I have had opportunities of exa-

mining with accuracy ;
while others I have only examined in

part,
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part, the animals having been too long kept before I procured

them, to admit of more than a very fuperficial infpefilion.

From thefe circumftances it will be readily fuppofed, that an

accurate defcription of all the different fpecies is not to be ex-

pected ; but having acquired a general knowledge of the whole

tribe, from the different fpecies which have come under my
examination, I have been enabled to form a tolerable idea, even

of parts which I have only had the opportunity of feeing in a

very curlory way.

General obfervation would lead us to believe, that the whole of

this tribe conffitutes one order of animals, which Naturalifts

have fubdivided into genera and fpecies ; but a deficiency in the

knowledge of their oeconomy has prevented them from making

thele divifions with fufficient accuracy; and this is not lur-

prifing, fince the genera and fpecies are ff ill in fome meafure

undetermined even in animals with which we are better

acquainted.

The animals of this order are in fize the largeff known, and

probably, therefore, the feweft in number of all that live in

water. Size, I believe, in thofe animals who feed upon others,

is in an inverfe proportion to the number of the fmaller
; but, I

believe, this tribe varies more in that refpedl than any we know,

viewing it from the Whalebone Whale, which is feventy or

eighty feet long, to the Porpoife that is five or fix : however,

if they differ as much among themfelves as the Salmon does

from the Sprat, there is not that comparative difference in fize

that would at firft appear. The Whalebone Whale is, I be-

lieve, the largelf
; the Spermaceti Whale the next in fize (the

one which 1 examined, although not full grown, was about

fixty feet long) ; the Grampus, which is an extenfive genus, is

probably
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probably from twenty to fifty feet long ; under this denomi-

nation there is a number of fpecies.

From my want of knowledge of the different genera of this

tribe of animals, an incorredlnefs in the application of the

anatomical account to the proper genus may be the confe-

quence ; for when they are of a certain fize, they are brought

to us as Porpoifes ; when larger, they are called Grampus, or

Fin-fffh. A tolerably correct anatomical defcription of each

fpecies, with an accurate Drawing of the external form,

would lead us to a knowledge of the different genera, and

the fpecies in each ; and, in order to forward fo ufeful a work,

I propofe, at fome future period, to lay before the Society

defcriptions and drawings of thofe which have come under my
own obfervation.

From fome circumftances in their digeftive organs we
fhould be led to fuppofe, that they were nearly allied to each

other ; and that there was not the fame variety, in this refpedf,

as in land animals.

In the defcription of this order of animals, I fhall always

keep in view their analogy to land animals, and to fuch as occa-

fionally inhabit the water, as white Bears, Seals, Manatees,

&c. with the differences that occur. This mode of referring

them to other animals, better known, will aflift the mind in

underftanding the prefent fubjeft. It is not, however, intended in

this Paper to give a particular account of the ftru&ure of all

the animals of this order, which I have had an opportunity of

examining : I propofe, at prefent, chiefly to confine myfelf to

general principles, giving the great outlines as far as I am

acquainted with them, minutenefs being only neceflary in the

inveftigation of particular parts.

Vol. LXXVII. H h h In
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In my account I (hall pay fome attention to the relations of

men who have given facts without knowing their caufes, when-

ever I find that luch facts can be explained upon true principles

of’ the animal ceconomv, but no further.

This order of animals has nothing peculiar to fifh, except

living in the fame element, and being endowed wdth the

fame powers of prog refit ve motion as thofe fifli that are

intended to move with a confiderable velocity : for I be-

lieve, that all that come to the furface of the water (which

this order of animals mud do) have confiderable progrefiive

motion ; and this reafoning we may apply to birds
; for thofe

which foar very high have, the greatefi: progrefiive motion.

Although inhabitants of the waters, they belong to the:

fame clafis as quadrupeds, breathing air, being furnifhed with

lungs, and all the other parts peculiar to the oeconomy of that

clals, and having warm blood ;
for we may make this general

remark, that in the different clafles of animals there is never

any mixture of thofe parts which are eflential to life, nor in

their different modes of fenfation.

I fhall divide what is called the oeconomy of an animal,

firft, into thofe parts and actions which refpect its internal

fundtions, and on which life immediately depends, as growth,

wafte, repair, fhifting or changing of parts, &c. the organs

of refpiration and fecretion, in which we may include the

powers of propagating the lpecies.

Secondly, into thole parts and adtions which refpedt external

objedts, and which are varioufly conftrudted, according to

the kind of matter with which they are to be connected,

whence they vary more than thofe of the firft divifion.

Thefe are the parts for progrefiive motion, the organs of fenfe

and
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and the organs of digeftion ; all which either a£t, or are a&ed

upon, by external matter.

This variation, from external caufes in many infhmces in-

fluences the fhape of the whole, or particular parts, even

giving a peculiar form to fome which belong to the fir ft order

of actions, as the heart, which in this tribe, in the Seal, Otter,

&c. is flattened, becaufe the cheft is flattened for the purpofe

of fvvimming. The contents of the abdomen are not only

adapted to the external form ; but their direction in the cavity

is, in fome inflances, regulated by it. The anterior extremity, or

fin, although formed of diftinft parts, in fome degree fimilar

to the anterior extremities of fome quadrupeds, being com-

pofed of fimilar bones placed nearly in the fame manner, yet

are fo formed and arranged as to fit them for progreflive

motion in the water only.

The external form of this order of animals is fuch as

fits them for dividing the water in progreflive motion, and

gives them power to produce that motion in the fame manner

as thofe flfh which move with a conflderable velocity. On
account of their inhabiting the water, their external form is

more uniform than in animals of the fame clafs which live

upon land, the furface of the earth on which the progreflive

motion of the quadruped is to be performed being various and

irregular, while the water is always the fame.

The form of the head or anterior part of this order of animals

is commonly a cone, or an inclined plane, except in the Sperma-

ceti Whale, in which it terminates in a blunt furface. This form

of head increafes the furface of contact to the fame volume of

water which it removes, leflens the preflure, and is better

calculated to bear the reflftance of the water through which

the animal is to pafs
;
probably, on this account, the head

H h h 2 is
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is larger than in quadrupeds, having more the propor-

tion obferved in fifh, and (welling out laterally at the

articulation of the lower jaw : this may probably be for

the better catching their prey, as they have no motion of

the head on the body ; and this didance between the arti-

culations of the jaw is fomewhat fimilar to the Swrallow,

Goat- fucker, Bat, &c. which may alfo be accounted for,

from their catching their food in the fame manner as fifh ; and

this is rendered dill more probable, fince the form of the

mouth varies according as they have or have not teeth. There

is, however, in the Whale tribe more variety in the form of the

head than of any other part, as in the Whalebone, Bottle-

nofe, and Spermaceti Whales ; though in this lad it appears

to owe its (hape, in fome fort, to the vad quantity of fpermaceti

lodged there, and not to be formed merely for the catching of its

prey. From the mod$ of their progredive motion, they have

not the connexion between the head and body, that is called

the neck, as that would have produced an inequality inconve-

nient to progredive motion.

The body behind the fins or (houlders diminiflies gradually

to the fpreading of the tail ; but the part beyond the open-

ing of the anus is to be confidered as tail, although to ap-

pearance it is a continuation of the body. The body itfelf is

flattened laterally ; and, I believe, the back is much (harper

than the belly.

The projecting part, or tail, contains the power that pro-

duces progredive motion, and moves the broad termination,

the motion of which is fimilar to that of an oar in (bulling a

boat; it fuperledes the necedity of poderior extremities, and

allows of the proper (hape for fwimming; that the form may

be preferved as much as poflible, we find that all the projecting

6 parts.
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parts, found in land animals of the fame clafs, are either in-

tirely wanting, as the external ear ; are placed internally, as

the teflicles ; or are fpread along under the Ikin, as the

udder.

The tail is flattened horizontally, which is contrary to

that of flfli, this pofition of tail giving the direction to the ani-

mal in the progreflive motion of the body. I fhall not purfue

this circumftance further than to apply it to thofe purpofes in

the animrj oeconomy, for which this particular direction is

intended.

The two lateral fins, which are analogous to the anterior

extremities in the quadruped, are commonly fmall, varying

however in flze, and feem to lerve as a kind of oars.

To afcertain the ufe of the fin on the back is probably not

fo eafy, as the large Whalebone and Spermaceti Whales have it

not; one fhould otherwife conceive it intended to preferve the

animal from turning.

1 believe, like moft animals, they are of a lighter colour on

their belly than on their back : in iome they are intirely white

on the belly ; and this white colour begins by a regular deter-

mined line, as in the Grampus, Piked Whale, &c. : in others,

the white on the b lly is gradually (haded into the dark colour

of the back, as in the Porpoile. 1 have been informed, that fome

of them are pied upwards and downwards, or have the divifions

of colour in a contrary direction

The element in which they live renders certain parts which

are of importance in other animals ufeltfs in them, gives to

fome parts a different action, and renders others of lets account.

The pundta lachrymalia with the appendages, as the lac and

du£t,are in them unneceflary ; and the lecretion from the lachry-

mal gland is not water, but mucus, as it alfo is in the Turtle

and*
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and we may fuppofe only in fmall quantity, the gland itfelf

being fmall.

The urinary bladder is fmaller than in quadrupeds; and in-

deed there is not any apparent reafon why Whales lhould have

one at all.

The tongue is flat, and but little projecting, as they neither

have voice, nor require much adion of this part, in applying

the food between the teeth for the purpofe of maffcication, or

deglutition, being nearly flmilar to fifh in this relpett, as well

as in their progrefiive motion.

In fome particulars they differ as much from one another as

any two genera of quadrupeds I am acquainted with.

The larynx, frze of trachea, and number of ribs, differ

exceedingly. The caecum is only found in fome of them.

The teeth in fome are wanting. The blow-holes are two in

number in many, in others only one. The whalebone and

fpermaceti are peculiar to particular genera: all which confli-

tute great variations. In other refpects we find an uniformity,

which would appear to be independent of their living and

moving only in \ the water, as in the flomach, liver, parts of

generation of both fexes, and in the kidneys : in thefe laft

however, I believe, it depends in fome degree upon their fitua-

tion, although it is extended to other animals, the caufe of

which I do not underhand.

All animals have, I believe, a fmell peculiar to themfelves

:

how far this is connected with the other diftinClions, I do not

know, our organs not being able to diftinguifh with fufficient

accuracy.

The fmell of animals of this tribe is the fame with that of

the Seal, but not fo ftrong, a kind of four fmell, which the

5 Seal



Structure and Oeconomy of Whales. 38 r

Seal has while alive ; the oil has the fame fmell with that

of the Salmon, Herring, Sprat, &c.

The observations refpeffing the weight of the flefh of ani-

mals that fvvim, which I publifhed in my obfervations on the

oeconomy of certain parts of animals, are applicable to thefe

alfo ; for the flefh in this tribe is rather heavier than beef ; two

portions of mufcle of the fame fhape, one from the pfoas mufcle

of the Whale, the other of an ox, when weighed in air, were

both exactly 502 grains ;
but, weighed in water, the portion of

the Whale was four grains heavier than the other. It is pro-

bable, therefore, that the neceffary equilibrium between the

water and the animal is produced by the oil, in addition to

which the principal acdion of the tail is fuch as tends either

to raife them, or keep them lufpended in the water, according

to the degree of force with which it a£bs.

From the tail being horizontal, the motion of the animal,

when impelled by it, is up and down : two advantages are

gained by this, it gives the neceffary opportunity of breathing,

and elevates them in the water ; for every motion of the tail

tends, as I faid before, to raife the animal : and that this may

be effected, the greatefl: motion of the tail is downwards, thofe

mufcles being very large, making two ridges in the abdomen ;

this motion of the tail raifes the anterior extremity, which

always tends to keep the body fufpended in the water.

Of the Bones.

The bones alone, in many animals, when properly united

into what is called the fkeleton, give the general fhape and

character of the animal. Thus a quadruped is diftinguifhed

from a bird, and even one quadruped from another, it only

requiring



3S2 Mr. Hunter’s Obfervatlons on the

requiring a fkin to be thrown over the fkeleton to make the

fpecies known ; but this is not fo decidedly the cafe with this

order of animals, for the fkeleton in them does not give us the

true fhape. An immenfe head, a fmall neck, tew ribs, and

in many a fhort fternum, and no pelvis, with a long fpine,

terminating in a point, require more than a fkin being laid

over them to give the regular and charadteriftic form of the

animal.

The bones of the anterior extremity give no idea of the

fhape of a fin, the form of which depends wholly upon its

covering. The different parts of the tkeleton, are fo inclofed,

and the fpaces between the projecting parts are fo filled up, as

. to be altogether concealed, giving the animal externally an

uniform and elegant form, relembling an inledt enveloped in

its chryfalis coat.

The bones of the head are in general fo large, as to render

the cavity which contains the brain but a fmall part of the

whole ; while, in the human fpecies, and in birds, this cavity

conftitutes the principal bulk of the head. This is, perhaps,

moft remarkable in the Spermaceti Whale; for on a general

view of the bones of the head, it is impoffible to determine

where the cavity of the fkull lies, till led to it by the foramen

magnum occipitale. The fame remark is applicable to the

large Whalebone and Bottle-nofe Whale: but in the Porpoife,

where the brain is larger in proportion to the lize of the ani-

mal, the fkull makes the principal part of the head.

Some of the bones in one genus differ from thofe of ano-

ther. The lower jaw is an inlfance of this. In the Sperma-

ceti and Bottle-nofe Whales, the Grampus, and the Porpoile,

the lower jaws, efpecially at the pofferior ends, referable each

other

;
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-other; but in both the large and fmall Whalebone Whales,

the Ihape differs confiderably. The number of fome parti-

cular bones varies likewife very much.

The Piked Whale has feven vertebrae in the neck, twelve

which may be reckoned to the back, and twenty-feven to the

tail, making forty- fix in the whole.

In the porpoife there are five cervical vertebrae, and one com-

mon to the neck and back, fourteen proper to the back, and 30

to the tail, making in the whole fifty-one.

The fmall Bottle-nofe Whale, caught near Berkeley, in

the number of cervical vertebrae refembled the Porpoife; it had

feventeen in the back, and thirty- feven in the tail, in all

fixty.

I11 the Porpoife, four of the vertebrae of the neck are an-

chylofed ; and in every animal of this order, which I have

examined, the atlas is by much the thickeft, and feems to be

made up of two joined together, for the fecond cervical nerve

paffes through a foramen in this vertebra. There is no arti-

culation for rotatory motion between the firft and fecond ver-

tebrae of the neck.

The fmall Bottle-nofe Whale had eighteen ribs on each fide,

the Porpoife fixteen. The ends of the ribs that have two arti-

culations, in the whole of this tribe, I believe, are articulated

with the body of the vertebrae above, and with the tranfverfe

procefles below, by the angles ; fo that there is one vertebra com-

mon to the neck and back. In the large Whalebone Whale

the firft rib is bifurcated, and confequently articulated to two

vertebras.

The fternum is very flat in the Piked Whale ; it is only

one very fhort bone ; and in the Porpoife it is a good deal

longer. In the fmall Bottle-nofe it is compofed of three

Vol. LXXVII. I i i bones,
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bones, and is of fome length. In the Piked Whale the firfl

rib, and in the Porpoife the three firil, are articulated with the

.{fernum.

As a contraction, correfponding to the neck in quadrupeds,

would have been improper in this order of animals, the verte-

brae of the neck are thin, to make the diltance between the

head and (boulders as fhort as pofiible, and in the lmall Idottle-

nofe Whale are only fix in number.

The druCture of the bones is fimilar to that of the bones of

quadrupeds ; they are compofed of an animal fubdance, and

an earth that is not animal : tliefe feem only to be mechani-

cally mixed, or rather the earth thrown into the interdices of

the animal part. In the bones of fifhes this does not feem to be

the cafe, the earth in many fifh being fo united with the ani-

mal part, as to render the whole tranfparent, which is not the.

cafe when the animal part is removed by deeping the bone in

caudic alkali : nor is the animal part lo tranfparent when

deprived of the earth. The bones are lefs compact than

thofe of quadrupeds that are fimilar to them.

Their form fomewhat refembles what takes place in the

quadruped, at lead: in thofe whofe ufes are fimilar, as the

vertebras, ribs, and bones of the anterior extremities have

their articulations in part alike, although not in all of them.

The articulation of the lower jaw, of the carpus, metacarpus,

and fingers, are exceptions. The articulation of the lower

jaw is not by fimple contact either fingle or double, joined by

a capfular ligament, as in the quadruped ; but by a very thick

intermediate fubdance of the ligamentous kind, fo interwoven

that its parts move on each other, in the interflices of which is

an oil. This thick matted fubflance may anfwer the lame

purpofe as the double joint in the quadruped.

The
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The two fins are analogous to the anterior extremities of the

quadruped, and are alfo fomewhat fimilar in conftruflion. A
fin is compofed of a fcapula, os humeri, ulna, radius, carpus,

and metacarpus, in which laft may be included the fingers,

becaufe the number of bones are thofe which might be called

fingers, although they are not feparated, but included in one

general covering with the metacarpus. They have nothing

analogous to the thumb, and the number of bones in each is

different; in the fore-finger there are five bones, in the middle

and ring-finger feven, and in the little finger four. The arti-

culation of the carpus, metacarpus, and fingers, is different

from that of the quadruped, not being by capfular ligament,

but by intermediate cartilages connected to each bone. Thefe

cartilages between the different bones of the fingers are of con-

fiderable length, being nearly equal to one-half of that of the

bone; and this conftru&ion of the parts gives firmnefs, with

fome degree of pliability, to the whole.

As this order of animals cannot be faid to have a pelvis,

they of courfe have no os facrum, and therefore the vertebrae

are continued on to the end of the tail ; but with no diflin&ion

between thofe of the loins and tail. But as thofe vertebrae

alone would not have had fufficient furface to give rife to the

mufcles requifite to the motion of the tail, there are bones

added to the fore-part of fome of the firft vertebrae of the tail,

fimilar to the fpinal proceffes on the pofferior furface.

From ail thefe obfervations we may infer, that the ftruflure,

formation, arrangement, and the union of the bones, which

compofe the forms of parts in this order of animals, are much

upon the fame principle as in quadrupeds.

The flefh or mufcles of this order of animals is red, refem-

bling that of moft quadrupeds, perhaps more like that of the

I i i 2 •. Bull
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Bull or Horfe than any other animal : fome of it is very firm ;

and about the breaft and belly it is mixed with tendon.

Although the body and tail is compofed of a feries of bones con-

nected together and moved as in fifh, yet it has its movements

produced by long mufcles, with long tendons, which renders the

body thicker, while the tail at its Idem is fmaller than that of

any other fwimmer, whofe principal motion is the fame. Why
this mode of applying the moving powers fhould not have

been ufed in fifh, is probably not fo eafily anfwered ; but in

fifh the mufcles of the body are of nearly the fame length as

the vertebras.

The deprefior mufcles of the tail, which are fimilar in fitu^-

tion to the pfoae, make two very large ridges on the lower part

of the cavity of the belly, riling much higher than the fpine,

and the lower part of the aorta paffes between them.

Thefe two large mufcles, inftead of being inferted into two

extremities as in the quadruped, go to the tail, which may be.

confidered in this order of animals as the two polterior extre-

mities united into one.

Their mufcles, a very Ihort time after death, lofe their

fibrous ftrudlure, become as uniform in texture as clay or

dough, and even fofter. This change is not from putrefaction,

as they continue to be free from any offenfive Imell, and is molt;

remarkable in the pfoae mufcles, and thofe of the back.

Of the Confruffiion of the Tail.

The mode in which the tail is conftrudted is, perhaps, as

beautiful, as to the mechanifm, as any part of the animal. It

is wholly compofed of three layers of tendinous fibres, co-

vered by the common cutis and cuticle : two of thefe layers

4 are
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are external, the other internal. The direction of the fibres

of the external layers is the fame as in the tail, forming a ftratum

about one-third of an inch thick ; but varying, in this refpedt,

as the tail is thicker or thinner. The middle layer is com-

pofed entirely of tendinous fibres, paffing diredtly acrofs, be-

tween the two external ones above delcribed, their length be-

ing in proportion to thethicknefs of the tail ; aftrudture which

gives amazing flrength to this part.

The lubftance of the tail is fo firm and compact, that the

vefifels retain their dilated hate, even when cut acrofs
; and

this feftion confifts of a large veflel furrounded by as many
fmall ones as can come in contact with its external furface

;

which of thefe are arteries, and which veins, 1 do not know.

The fins are merely covered with a ftrong condenfed adipofe

membrane.

Of the Fat.

The fat of this order of animals, except the fpermaceti, is

what we generally term oil. It does not coagulate in our

atmofphere, and is probably the moll; fluid of animal fats; but

the fat of every different order of animals has not a peculiar

degree of folidity, fome having it in the fame ffate, as the Horfe

and Bird. What I believe approaches neareft to fpermaceti,

is the fat of ruminating animals, called tallow.

The fat is differently lituated in different orders of animals

;

probably for particular purpofes, at leaf! in fome we can affign a

final intention. In the animals, which are the fubjedl of the pre-

fent Paper, it is found principally on the outfide of the mufcles,

immediately under the fkin, and is in confiderable quantity.

It is rarely to be met with in the interftices of the mufcles, or in

any of the cavities, fuch as the abdomen or about the heart.

In
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In animals of the fame clafs living on land, the fat is more

diffufed : it is fituated, more efpecialiy when old, in the inter-

faces of mufcles, even between the fafciculi of mufcular fibres,

and is attached to many of the vifcera ; but many parts are

free from fit, unlefs when difeafed, as the penis, fcrotum,

tefticle, eyelid, liver, lungs, brain, fpleen, &c.

In fifh its fituation is rather particular, and is mod com-

monly in two modes ; in the one, diffufed through the whole

body of the fifh, as in the Salmon, Herring, Pilchard, Sprat,

&c. ; in the other, it is found in the liver only, as in all of the

Ray kind, Cod, and in all thofe called White-fifh, there being

none in any other part of the body *. The fat of fifh appears

to be diffufed through the fubftance of the parts which contain

it, but is probably in diftindl cells. In fome of thefe fifh,

where it is diffufed over the whole body, it is more in fome

parts than others, as on the belly of the Salmon, where it is in

larger quantity.

The fat is differently inclofed in different orders of animals.

Ill the quadruped, thofe of the Seal kind excepted, in the

bird, amphibia, and in fome fifh, it is contained in loofe

cellular membrane, as if in bags, compofed of fmaller ones,

by which means the larger admit of motion on one another,

and on their conne&ing parts ; which motion is in a greater or

lefs degree, as is proper or ufeful. Where motion could anfwer

no purpofe, as in the bones, it is confined in dill fmaller cells.

The fat is in a lefs degree in the foies of the feet, palms of the

hands, and in the bread's of many animals. In this order of ani-

mals and the Seal kind, as far as I yet know, it is difpofed of in

two ways ;
the fmail quantity found in the cavities of the bodv,

* The Sturgeon is, however, an exception, having its fat in particular

fituations, and in the interfiles of parts, as in other animals.

and
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and interdices of parts, is in general difpofed in the fame way as

in quadrupeds; but the external, which includes the principal

part, is inclofed in a reticular membrane, apparently compofed of

fibres palling in all directions, which leem to confine its extent,
• %

allowing it little or no motion on itfelf, the whole, when dif-

tended, forming almod a folid body. This, however, is not

always the cafe in every part of animals of this order; for

under the head, or what may be rather called neck, of the Bottle-

nofe, the fat is confined in larger cells, admitting of motion.

This reticular membrane is very fine in fome, and very ltrong

and coarfe in others, and even varies in different parts of the

fame animal. It is fine in the Porpoife, Spermaceti, and

large Whalebone Whale; coarfe in the Grampus and fmali

Whalebone Whale *
: in all of them it is fined: on the body,

becoming coarfer towards the tail, which is compofed of fibres

without any fat : which is alfo the cafe in the covering of the

fins. This reticular net-work in the Seal is very coarfe ; and

in thofe which are not fat, when it collapfes, it looks almoft

like a fine net with fmali mefhes. This druCture confines the

animal to a determined fhape, whereas in quadrupeds fat wrhen

in great quantity deftroys all fhape.

The fat differs in confidence in different animals, and in dif-

ferent parts of the fame animal, in which itsdtuation is various.

In quadrupeds,fome have the external fat fofter than the internal;

and that inclofed in bones is fofteft nearer to their extremities.

Ruminating animals have that fpeciesof fat called tallow, and in

their bones they have either hard fat or marrow, or fluid fat called

Neat’s-foot oil. In this order of animals, the internal fat is the

lead: fluid, and is nearly of the confidence of Hog’s-lard ; the

* Where it is fine, it yields the largeft quantity of oil. and requires the leaft

boiling.
,

t external
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external is the common train oil ; but the Spermaceti Whale

differs from every other animal I have examined, having the

two kinds of fat juft mentioned, and another which is totally

different, called fpermaceti, of which I fhall give a particular

account.

What is called fpermaceti is found every where in the body

in fmall quantity, mixed with the common fat of the animal,

bearing a ,very fmall proportion to the other fat. In the head

it is the reverfe, for there the quantity of fpermaceti is large

when compared to that of the oil, although they are mixed,

as in the other parts of the body.

As the fpermaceti is found in the largeft quantity in the

head, and in what would appear on a (light view to be the cavity

of the (kull, from a peculiarity in the lhape of that bone, it

has been imagined by fome to be the brain.

Thefe two kinds of fat in the head are contained in cells,

or cellular membrane, in the fame manner as the fat in

other animals ; but behdes the common cells there are larger

ones, or ligamentous partitions going acrofs, the better to

fupport the vaft load of oil, of which the bulk of the head is

principally made up.

There are two places in the head where this oil lies ; thefe

are (ituated along its upper and lower part : between them pafs

the noftrils, and a vaft number of tendons going to the nofe and

different parts of the head.

The pureft fpermaceti is contained in the fmalleft and lead

ligamentous cells : it lies above the noftril, all along the upper

part of the head, immediately under the (kin, and common
adipofe membrane. Thefe cells refemble thofe which contain 1

the common fat in the other parts of the body neareft the (kin.

That which lies above the roof of the mouth, or between it

and
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and the noftril, is more intermixed with a ligamentous cellular

membrane, and lies in chambers whofe partitions are perpen-

dicular. Thefe chambers are fmaller the nearer to the nofe,

becoming larger and larger towards the back part of the head,

where the fpermaceti is more pure.

This fpermaceti, when extracted cold, has a good deal the

appearance of the internal ftrufture of a water melon, and is

found in rather folid lumps.

About the nofe, or anterior part of the noftrll, T difcovered

a great many veflfels, having the appearance of a plexus cf

veins, fome as large as a finger. On examining them, I found

they were loaded with the fpermaceti and oil; and that fome

had correfponding arteries. They were mod: probably lym-

phatics ; therefore I Ihould fuppofe, that their contents had been

abforbed from the cells of the head. We mav the more
J

readily fuppofe this, from finding many of the cells, or cham-

bers, almoft empty; and as we may reafonably believe that

this animal had been fome time out of the feas in which it

could procure proper food, it had perhaps lived on the fuper-

abundance of oil.

The folid maflfes are what are brought home in calks for

fpermaceti.

I found, by boiling this fubfiance, that I could eafily extraft

the fpermaceti and oil which floated on the top from the cellu-

lar membrane. When • I fkimmed off the oily part, and let it

fland to cool, I found that the fpermaceti cryffallifed, and the

whole became folid; and by laying this cake upon any fpongy

fubffance, as chalk, or on a hollow body, the oil drained all off,

leaving the fpermaceti pure and white. Thefe cryflals were

only attached to each other by edges, forming a fpongy mafs

;

and by melting this pure fpermaceti, and allowing it to cry-

Vol. LXXVII. K k k ffallife,
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{lallife, it was reduced in appearance to half its bulk, the cryflals

being {mailer, and more blended, confequently Id's diffindl.

The fpermaceti mixes readily with other oils* while it is in

a fluid flate, but feparates or cryltallifes whenever it is

cooled to a certain degree; like two different falts being diflfolved

in water, one of which will cryftallife with a lefs degree of

evaporation than the other ;
or, if the water is warm, and

fully faturated, one of the falts will cryftallife fooner than the

other, while the folution is cooling. I wanted to fee whether

fpermaceti mixed equally well with the exprefled oils of vege-

tables when warm, and likcwife feparated and cryflallifed when

cold, and on trial there leemed to be no difference. When very

much diluted with the oil, it is difl'olved or melted by a much

fmaller degree of heat than when alone ; and this is the rea-

fon, perhaps, that it is in a fluid {late in the living body.

If the quantity of fpermaceti is fmall in proportion to the

other oil, it is, perhaps, nearly in that proportion longer in

cryftalliflng ; and when it does cryftallife, the cryflals are

much fmaller than thofe that are formed where the propor-

tion of fpermaceti is greater. From the flownefs with which

the fpermaceti cryflallifes when much diluted with its oil, from

a conflderable quantity being to be obtained in that way, and

from, its continuing for years to cryftallife, one would be in-

duced to think, that perhaps the oil itfelf is converted into

Ipermaceti.

It is mofl likely, that if we could difcover the exafl form

of the different cryflals of oils, we fhould thence be able to

afcertain both the different forts of vegetable oils, exprefled and

effential, and the different forts of animal oils, much better

than by any other means ; in the fame manner as we know falts

by the forms into which they {hoot.

6 The
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The fpermaceti does not become rancid, or putrid, nearly fo

foon as the other animal oils ; which is moft probably owing to

the fpermaceti being for the mod: part in a folid date ; and I

fhould fuppofe, that few oils would become fo foon rancid as

they do, if they were always preferved in that degree of cold

which rendered them folid : neither does this oil become fo foon

putrid as the flefh of the animal ; and therefore, although the

oil in the cells appeared to be putrid before boiling, it was

l'weet when deprived of the cellular fubdance. The fperma-

ceti is rather heavier than the other oil.

In this animal then we find two forts of oil, beddes the

deeper feated fat, common to all of this clafs ; one of which erv-

dallifes with a much lefs degree of cold than the other, and of

courfe requires a greater degree of heat to melt it, and forms,

perhaps, the larged crydals of any expreded oil we know

:

yet the fluid oil of this animal will crydallife in an ex-

treme hard frod, much fooner than mod edential oils, though

not fo foon as the expreded oils of vegetables. Camphire, how-

ever, is an exception, fince it crydallifes in our warmed wea-

ther, and when melted with expreded oil of vegetables, if

the oil is too much fnturated for that particular degree of cold,

crydallifes exactly like fpermaceti.

In the Ox the tallow, and what is called Neat’s-foot oil, cry-

dallife in different degrees of cold. The tallow congeals with

rather lefs cold than the fpermaceti; but the other oil is fimilar

to what is called the train oil in the Whale.

I have endeavoured to difeover the form of the crydals of

diderent forts of oil ; but could never determine exa&ly what

that was, becaufe I could never find any of the crydals lingle,

and bv bein^ always united, the natural form was not didinct.

1 Kkk 2 ft
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It is the adipofe covering from all of the Whale kind that

is brought home in fquare pieces, called flitches, and which,

by being boiled, yields the oil on expreflion, leaving the cellular

membrane. When thefe flitches have become in fome degree

putrid, there iflfues two forts of oil; the firfl: is pure, the laft

feems incorporated with part of the animal fubftance, which

has become eafy of folution from its putridity, forming a kind

of butter. It is undtuous to the touch, ropy, coagulates or

becomes harder by cold, fwims upon water, not being foluble

in it ; and the pure oil, feparating in the fame manner from

this, fwims above all.
/

What remains, after all the oil is extracted, retains a good

deal of its form, is almoff wholly convertible into glue, and is

fold for that purpofe.

The cellular, or rather what fhould be called the uniting

membrane in this order of animals, is fimilar to that in the

quadruped ; we find it uniting mufcie to mufcle, and mufcle

to bone, for their eafy motion on one another.

The cellular membrane, which is the receptacle for the oil

near the furface of the body is in general very different from

that in the quadruped, as has been already obferved.

Of the Skm .

The covering of this order of animals confiffs of a cuticle

and cutis.

The cuticle is fomewhat fimilar to that on the foie of the

foot in the human fpecies, and appears to be made up of a

number of layers, which feparate by flight putrefaction
; but

this I fufpedt arifes in fome degree from there being a lucceffion

of cuticles formed. It has no degree of elafficity or toughnels,

4 but
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but tears eafilv ; nor do its fibres appear to have any particular

direction. The internal ftratum is tough and thick, and in the

Spermaceti Whale its internal furface, when feparated from

the cutis, is juft like coarfe velvet, each pile (landing firm in

its place ; but this is not fo diftinguifhable in fome of the

others, although it appears rough from the innumerable per-

forations.

It is the cuticle that gives the colour to the animal ; and in -

parts that are dark, I think, I have feen a dirty coloured

fubftance walked away in the feparation of the cuticle from the;

cutis, which muft be a kind of rete mucofum.

The cutis in this tribe is extremely villous on its external”

furface, anfwering to the rough furface of the cuticle, and form-

ing in fome parts fmall ridges, fimilar to thofe on the human,

fingers and toes. Thefe villi are foft and pliable; they float in

water, and each is longer or fhorter according to the fize of the>

animal. In the Spermaceti Whale they were about a quarter

of an inch long; in the Grampus, Bottle-nofe and Piked

Whales, much fhorter ; in all, they are extremely vafcular.

The cutis feems to be the termination of the cellular mem*
brane of the body more clofely united, having fmaller inter-

ftices, and becoming more compact. This alteration in ths

texture is fo fudden as to make an evident diftin&ion between

what is folely connefting membrane, and fkin,and is mod evi-

dent in lean animals; for in the change from fat to lean, ths

Ikin does not undergo an alteration equal to what takes place

in the adipofe membrane, although it may be obferved, that

the fkin itfelf is diminilhed in thicknefs. In fat animals the dif-

tin&ion between (kin and cellular membrane ismuch lefs, the gra-

dation from the one to the other feeming to be flower ; for the

cells of both membrane and Ikin being loaded with fat, the whole

has
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has more the appearance of one uniform fubdance. This

uniformity of the adipofe membrane and fkin is moft ob-

fervabie in the Whale, Seal, Hog, and the human fpecies

;

and is not only vifible in the raw but in the dreffed hides ; for

in dreffed fkins the external is much more compact in texture

than the inner furface, and is in common very tough.

In fome animals the cutis is extremely thick, and in feme

parts much more fo than others : where very thick, it appears

to be intended as a defence againd the violence of their own

fpecies or other animals. In mod: quadrupeds it is mufcular,

contracting by cold, and relaxing by heat. Many other Si-

mulating fubdances make it contract ; but cold is probably

that dimulus by which it was intended to be generally af-

feCted.

The fkin is extremely eladic in the greatefl number of qua-

drupeds, and in its contracted date may be faid to be rather too

fmall for the body ; by this eladicity it adapts itfelf to the

changes which are condantly taking place in the parts, and it is

from the want of it, that it becomes too large in fome old animals.

In all animals it is more eladic in fome parts than others, efpe-

cially in thofe where there is the greated motion. How far thefe

variations take place in the Whale I do not exaClly know ; but

a loofe eladic fkin in this tribe would appear to be improper as an

univerfal covering, confidering the progrefiive motion of the ani-

mal, and the medium in which it moves ; therefore it appears to

be kept always on the dretch, by the adipofe membrane being

loaded with fat, which does not allow the lkin to recede when cut.

It is, however, more eladic at the fetting on of the eyelids, round

the opening of the prepuce, the nipples, the fetting on of the

fms, and under the jaw, to allow of motion in thofe parts ;

and
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and here there is more reticular, and lefs adipofe membrane.

But in the Piked Whale there is probably one of the mod
driking indances of an eladic cuticular contraction : for

though the whole Ik in of the fore part of the neck and bread: of

the animal, as far down as the middle of the belly, be extremely

elaftic
;
yet to render it dill more lo, it is ribbed longitudinally

like a ribbed docking, which gives an increafed lateral eladi-

city. Thefe ribs are, when contracted, about five-eighths of an

inch broad, covered with the common lkin of the animal
;
but in

the hollow part of the rib, it is of a l'ofter texture, with a thinner

cuticle. This part is poffefl'ed of the greated eladicity ; why
it Ihould be lo eladic is difficult to fay, as it covers the

thorax, which can never be increafed in fize
;
yet there muff

be fome peculiar circumdance in the oeconomy of the fpecies

requiring this druCture, which we as yet know nothing of.

The lkin is intended for various purpofes. It is the univer-

fal covering given for the defence of all kinds of animals ; and

that it might anfwer this purpofe well, it is the feat of one of

the fenfes.

Of the Mode of catching their Food.

The mouths of animals are the fird parts to be confidered

refpeCling nourilhment or food, and are fo much connected

with every thing relative to it, as not only to give good hints

whether the food is vegetable or animal, but alfo refpe&ing

the particular kind of either, efpecially of animal food. The

mouth not only receives the food,, but is the immediate indru-

ment for catching it. As it is a compound indrument in many

animals, having parts of various condru&ions belonging to it,

I fhall at prefent confider it in this tribe no further than as

connected



'3

9

3 Mr. Hunter’s Obfervatlons on the

connected with their mode of catching the food, and adapting

anddifpofing it for being fwallowed. It is probable, that thefe

animals do not require either a divifion of the food, or a matti-

cation of it in the mouth, but fwallow whatever they catch,

whole ; for we do not find any of them furnifhed with parts ca-

pable of producing either effedh The mouth in mott of this

tribe is well adapted for catching the food ; the jaws fpread

as they go back, making the mouth proportionally wider than

in many other animals.

There is a very great variety in the formation of the mouths

of this tribe or animals, which we have many opportunities of

knowing, from the head being often brought home when the

other parts of the animal are rejettted ; a circumftance which

frequently leaves us ignorant of the particular fpecies to which

it belonged.

Some catch their food by means of teeth, which are in

both jaws, as the Porpoife and Grampus ; in others, they are

only in one jaw, asln the Spermaceti Whale ; and in the large

Bottle-nofe Whale, defcribed by Dale, there are only two final!

teeth in the anterior part of the lower jaw. In the Narwhale

only two tufks in the fore part of the upper jaw *
; while

in fome others there are none at all. In thofe which have teeth

in both jaws, the number in each varies confiderably ; the fmall

Bottle-nofe had forty-fix in the upper, and fifty in the lower

;

and in the jaws of others there are only five or fix in each.

The teeth are not divifible into different claffes, as in qua-

drupeds ; but are all pointed teeth, and are commonly a good

deal fimilar. Each tooth is a double cone, one point being

* I call thefe tulks to diftinguilh them from common teeth. A tufk is that

kind of tooth which has no bounds fet to its growth, excepting by abrafion, as

the tulk of the Elephant, Boar, Sea-horfe, Manatee, &c.

fattened
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fattened in the gum, the other projecting : they are, however,

not all exaCUy of this fhape. In fome fpeeies of Porpoife the

fang is flattened, and thin at its extremity ; in the Spermaceti

Whale the body of the tooth is a little curved towards the

back part of the mouth ; this is alfo the cafe in fome others.

The teeth are compofed of animal fubftance and earth, limjlar

to the bonv part of the teeth in quadrupeds. The upper teeth are

commonly worn down upon the infide, the lower on the out-

lkle ; this arifes from the upper jaw being in general the larger!.

The fituation of the teeth, when firft formed, and their progrefs

afterwards, as far as I have been able to obferve, is very different

in common from thofe of the quadruped. In the quadruped the

teeth are formed in the jaw, almott l'urrounded by the alveoli,

or fockets, and rife in the jaw as they increafe in length ; the

covering of the alveoli being abforbed, the alveoli afterwards

rife with the teeth, covering the whole fang ; but in this tribe

the teeth appear to form in the gum, upon the edge of the jaw,

and they either link in the jaw as they lengthen, or the alveoli

rife to inclofe them : this laft is moft probable, fince the depth

of the jaw is alfo increafed, fo that the teeth appear to link

deeper and deeper in the jaw. This formation is readily dis-

covered in jaws not full grown ; for the teeth increafe in num-

ber as the jaw lengthens, as in other animals. The pofterior

part of the jaw becoming longer, the number of teeth in that

part increafes, the fockets becoming fhallower and fhallower,

and at latt being only a flight depreffion.

It would appear, that they do not fhed their teeth, nor have

they new ones formed fimilar to the old, as is the cafe with

moft other quadrupeds, and alfo with the Alligator. I have never

been able to deteCl young teeth under the roots of the old

ones ; and indeed the fituation in which they are firft formed

Vol. LXXVII. L 1 1 makes
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makes it in fome degree impoftible, if the young teeth follow

the fame rule in growing with the original ones, as they

probably do in moft animals.

If it is true, that the Whale tribe do not (hed their teeth, foi

what way are they fupplied with new ones, correfponding in

lize with the increafed ifze of the jaw ? It would appear, that

the jaw, as it increafes pofteriorly, decays at the fymphyfis, and

while the growth is going on, there is aconftant fucceflion of

new teeth, by which means the new-formed teeth are propor-

tioned to the jaw. The fame mode of growth is evident in the

Elephant, and in fome degree in many fi fh ; but in thefe laft the

abforption of the jaw is from the whole o>f the outfide along

where the teeth are placed. The depth of the alveoli feems to

prove this, being fhallow at the back part of the jaw, and

becoming deeper towards the middle, where they are the

deepeft, the teeth there having come to the full lize. From

this forwards they are again becoming lhallower, the teeth

being fmaller, the fockets wafting, and at the fymphyfis there

are hardly any fockets at all. This will make the exadt num-

ber of teeth in any fpecies uncertain.

Some genera of this tribe have another mode of catching their

food, and retaining it till fwallowed, which is by means of the

fubftance called Whalebone. Of this there are two kinds

known; one very large, probably from the largeft Whale yet

difeovered ; the other from a fmaller fpecies.

This whalebone, which is placed on the inftde of the

xhouth, and attached to the upper jaw, is one of the molt

lingular circumftaiices belonging to this fpecies, as they have

moft other parts in common with quadrupeds. ‘It is a fubftance,

I belldVe, peculiar to the Whale, and 6f - the fame nature as

horn, which I fell *ufe as ‘a term to exprefs what confti-

tutes
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lutes hair, nails, claws, feathers, &c. it is wholly compofed

T)f animal fubftance, and extremely elafiic *.

Whalebone confifis of thin plates of fome breadth, and in fome

of very conhderable length, their breadth and length in fome de-

gree correfponding to one another; and when longeft they are

commonly the broadefr, but not always fo. (See Tab. XXII.)

Thefe plates are very different in lize in different parts of the fame

mouth, more efpecially in the large Whalebone Whale, whofe

upper jaw does not pals parallel upou the under, but makes an

arch, the femidiameter of which is about one-fburth of the

length of the jaw. The head in my poflefiion is nineteen feet

long, the femidiameter not quite five feet : if this proportion

is preferred, thofe Whales^ which have whalebone fifteen feet

long muff be of an immenfe fize.

Thefe plates are placed in feveral rows, encompafling the

outer fkirts of the upper jaw, fimilar to teeth in other animals.

They hand parallel to each other, having one edge towards

the circumference of the mouth, the other towards the center

or cavity. They are placed near together in the Piked Whale,

not being a quarter of an inch afunder where at the greateff

diffance, yet differing in this refpedt in different parts of the

fame mouth ; but in the great Whale the difiances are more

confiderable.

The outer row is compofed of the lohgeft plates ; and thefe

are in proportion to the different diftances between the two

jaws, fome being fourteen or fifteen feet long* and twelve or

fifteen inches broad ; but towards the anterior and pofierior

part of the mouth, they are very fhort : they rife for half a

foot or more, nearly of equal breadths, and afterwards Ihelve

off from their inner fide until they come near to a point at the

* From this it muft appear, that *the term bone is an improper one.

L 1 1 2 outer:
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outer: the exterior of the inner rows are the longeft, cor-

refponding to tiie termination of the declivity of the outer, and

become fhorter and (hotter till they hardly rife above the gum.

The inner rows are clofer than the outer, and rife almoft

perpendicularly from .the gum, being longitudinally ftraight,

and have lei s of the declivity than the outer. The

plates of the outer row laterally are not quite flat, but

make a ferpentine line, more efpecially in the Piked Whale

the outer edge is thicker than the inner. All round the line

made by their outer edges, runs a fmall white bead, which is

formed along with the whalebone, and wears down with it. The

fmaller plates are nearly of an equal thicknefs upon both edges.

In all of them, the termination is in a kind of hair, as if the

plate was fplit into innumerable fmall parts, the exterior being,

the longeft and ftrongeft.

The two fides of the mouth compofed of thefe rows meet

nearly in a point at the tip of the jaw, and fpreador recede late-

rally from each other as they pafs back % and at their pofterior

ends, in the Piked Whale, they make a fweep inwards, and come

Very near each other, juft before the opening of the cefopha-

gus. In the Piked Whale there were above three hundred in

the outer rows on each flde of the mouth. Each layer termi-

nates in an oblique furface, which obliquity inclines to the roof

of the mouth, anfwering to the gradual diminution of their

length ; fo that the whole furface, compofed of thefe termi-

nations, forms one plane riling gradually from the roof of the

mouth ; from this obliquity of the edge of the outer row, we
may in fome meafure judge of the extent of the whole bafe,

but not exadlly, as it makes a hollow curve, which increafes

the bafe..

Th c
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The whole furface refembles the (kin of an animal covered

with ftrong hair, under which furface the tongue muff imme-

diately lie, when the mouth is (hut ; it is of a light-brown

colour in the Piked Whale, and is darker in the large.

Whale.

In the Piked Whale, when the mouth is fhut, the projecting

whalebone remains entirely on the infide of the lower jaw, the

twojaws meeting every where along their furface ; but how this

is effected in the large Whale I do not certainly know, the hori-

zontal plane made by the lower jaw being ftraight, as in the

Piked Whale; but the upper jaw being an arch cannot be hid

by the lower. 1 fuppofe, therefore, that a broad upper lip,

meeting as low as the lower jaw, covers the whole of the outer

edges of the exterior rows.

The whalebone is continually wearing down, and renewing

in the fame proportion, except when the animal is growing it

is renewed fafter, and in proportion to the growth.

The formation of the whalebone is extremely curious,

being in one refpeCt fimilar to that of the hair, horns, fpurs,

&c,

;

but it has befides another mode of growth and decay,

equally lingular.

Thefe plates form upon a thin vafcular fubftance, not im-

mediately adhering to the jaw-bone; but having a more denfe

fubftance between, which is alfo vafcular. This fubftance,

which may be called the nidus of the whalebone, fends out

(the above) thin broad proceffes, anfwering to each plate, on.

which the plate is formed, as the Cock’s fpur or the Bull’s

horn, on the bony core, or a tooth on its pulp ; fo that each

plate is neceffarily hollow at its growing end, the firft part of:

the growth taking place 011 the infide of this hollow.

Befides
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Befides this mode of growth, which is common to all fuch

fubdances, it receives additional layers on die outfide, which

are formed upon the above-mentioned vafcular fubdance ex-

tended along the furface of the jaw. This part alfo forms

upon it a femi-horny fubdance between each plate, which is

very white, rifes with the whalebone, and becomes even with

the outer edge of the jaw, and the termination of its outer

part forms the bead above mentioned. This intermediate fub-

dance fills up the fpaces between the plates as high as the jaw,

a£ts as abutments to the whalebone, or is fimilar to the

alveolar precedes of the teeth, keeping them firm in their

places. .(See Tab. XXIII.)

As both the whalebone and intermediate fubdance are con-

ffantly growing, and as we mud fuppofe a determined length

neceflary, a regular mode of decay mud be edablidied, not

depending entirely on chance, or the ufe it is put to.

In its growth, three parts appear to be formed; one from

the riling core, which is the center, a fefcond on the outfide,

and a third being the intermediate fubdance. Thefe appear to

have three dages of duration ; for that which forms on the

core, I believe, makes the hair, and that on the outfide makes

principally the plate of whalebone ; this, when got a certain

length, breaks off, leaving the hair projecting, becoming at

the termination very brittle ; and the third, or intermediate

fubdance, by the time it rifes as high as the edge of the fkin

of the jaw, decays and foftens away like the old cuticle of the

lole of the foot when deeped in water.

The ufe of the whalebone, I fhould believe, is principally

for the retention of the food till fwallowed ; and do fuppofe

the fifh they catch are fmall, when compared with the fize of

the mouth.

5 The
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The oefophagus, as in other animals, begins at the fauces,

or pofterior part of the mouth ; and, although circular at this

part, is foon divided into two pafifages by the epiglottis palling

acrofs it, as will be defcribcd hereafter. Below its attachment to

the trachea, it paftes down in the pofterior mediaftinum, at

fome diftance from the fpine, to which it is attached by a

broad part of the fame membrane, and its anterior furface

makes the pofterior part of a cavity behind the pericar-

dium.

Palling through the diaphragm it enters the ftomach, and is

lined with a very thick, foft, and white cuticle, which is con-

tinued into the firft cavity of the ftomacl*.

The inner, or true coat, is white, of a confiderable denfity,

and not mufcular ; but thrown into large longitudinal folds by

the contraction of the mufcular fibres of the oefophagus, which

are very ftrong. It is very glandular ; for on its inner furface,

efpecially near the fauces,, orifices of a- vaft number of glands

are vifible.

The oefophagus is larger in proportion to die bulk of the

animal than in the quadruped, although not fo much fo as it

ufually is in filh, which we may fuppofe fwallow their food

much in the fame way. fin the Piked Whale it was three

inches and an half wide.

The ftomach, as in other animals, lies on the left fide of

the body, and terminates in the pylorus towards the right.

The duodenum paftes down on the right fide, very much as

in the human fubjeft, excepting that it is more expofed from

the colon not crofting it. It lies on the right kidney, and

then paftes to the left fide behind the afcending part of the

colon and root of the mefentery, comes out on the left fide,

and getting on the edge of the mefentery becomes a loofe in-

teftine
?
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tefline, forming the jejunum. In this courfe behind the mefen-

tery it is expofed, as in mofl quadrupeds, not being covered by it,

as in the human. The jejunum and ilium pafs along the edge of

the mefentery downwards to the lower part of the abdomen.

The ilium near the lower end makes a turn towards the

right fide, and then mounting upwards, round the edge of

the mefentery, paffes a little way on the right, as high as

the kidney, and there enters the.colon, or caecum. The cae-

cum lies on the lower end of the kidney, confiderably higher

than in the human body, which renders the afcending part of

the colon (hort. The caecum is about feven inches long, and

more like that of the Lion or Seal than of anv other animal I
j

know.

The colon pafies obliquely up the right fide, a little towards

the middle of the abdomen ; and when as high as the ftomach,

croifes to the left, and acquires a broad mefocolon : at this

part it lies upon the left kidney, and in its paflage down gets

more and more to the middle line of the body. When it has

reached the lower part of the abdomen, it paifes behind the

uterus, and along with the vagina, in the female ; between the

two teflicles, and behind the bladder and root of the penis, in

the male, bending down to open on what is called the belly

of the animal ; and in its whole courfe it is gently convoluted.

In thofe which have no caecum, and therefore can hardly be

Laid to have a colon, the intelline before its termination in the

redtum makes the fame kind of fweep round the other intef-

tines, as the colon does where there is a caecum.

The inteftines are not large for the lize of the animal, not be-

ing larger in thofe of eighteen or twenty-four feet long than in

.the Horfe, the colon not much more capacious than the jejunum

and ilium, and very fhort ; a circumftance common to carni-

7 vorous
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vorous animals. In the Piked Whale, the length from the

ftomach to the caecum is 28 yards and an half, length of caecum

feven inches, of the colon to the anus two yards and three

quarters. The fmall inteftines are juft five times the length

of the animal, the colon with the caecum a little more than

one-half the length.

Thofe parts that refpedl the nourifhment of this tribe do not

all fo exactly correfpond as in land animals ; for in thefe

one in fome degree leads to the other. Thus the teeth in the

ruminating tribe point out the kind of ftomach, caecum, and

colon ; while in others, as the Horfe, Hare, Lion, &c. the

appearances of the teeth only give us the kind of colon and

caecum; but in this tribe, whether teeth or no teeth, the fto-

machs do not vary much, nor does the circumftance of caecum

feem to depend on either teeth or ftomach. The circumftances

by which, from the form of one part we judge what others

are, fail us here ; but this may arife from not knowing all the

circumftances. The ftomach, in all that I have examined,

confifts of feveral bags, continued from the firft on the left

towards the right, where the laft terminates in duodenum.

The number is not the fame in all ; for in the Porpoife, Gram-

pus, and Piked Whale, there are five ; in the Bottle-nofe

feven. Their frze refpe&ing one another differs very confidera-

bly ; fo that the largeft in one fpecies may in another be only

the fecond. The two firft in the Porpoife, Bottle-nofe, and

Piked Whale, are by much the largeft; the others are fmailer,

although irregularly lo.

The firft ftomach has, I believe, in all very much the fhape

of an egg, with the fmall end downwards. It is lined every

where with a continuation of the cuticle from the oefophagus. In

the Porpoife the oefophagus enters the fuperior end of the fto-

Vol. LXXVIL
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mach. In the Piked Whale its entrance is a little way on the

poflerior part of the upper end, and is oblique.

The fecond flomach in the Piked Whale is very large, and

rather longer than the firft. It is of the fhape of the Italic ST

palling out from the upper end of the firft on its right fide*

by nearly as large a beginning as the body of the bag. In the

Porpoife it by no means bears the fame proportion to the firft,

and opens by a narrower orifice; then palling down along the

right lide of the firft ftomach, it bends a little outwards at the

lower end, and terminates in the third. Where this fecond fto-

mach begins, the cuticle of the firft ends. The whole of the in-

fide of this ftomach is thrown into unequal rugae, appearing like

a large irregular honeycomb. In the Piked Whale the rugae

are longitudinal, and in many places very deep, fome of them

being united by crofs bands ; and in the Porpoife the folds are very

thick, mafly, and indented into one another. This flomach

opens into the third by a round contra&ed orifice, which does

not feem to be valvular.

The third flomach is by much the fmallefl, and appears

to be only a paflage between the fecond and fourth. It has no

peculiar ftrudlure on the infide, but terminates in the fourth

by nearly as large an opening as its beginning. In the Por-

poife it is not above one, and in the Bottle-nofe about five

inches long.

The fourth flomach is of a confiderable fize; but a good

deal lefs than either the firfl or fecond. In the Piked Whale
it is not round, but feems flattened between the fecond and

fifth. In the Porpoife it is long, palling in a ferpentine courfe

almofl like an intefline. The internal furface is regular, but

Villous, and opens on its right fide into the fifth, by a round

opening fmaller than the entrance from the third.

2 The
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The fifth ftomach is in the Piked Whale round, and in the

Porpoife oval ; it is fmall, and terminates in the pylorus, which

has little of a valvular appearance. Its coats are thinner than

thofe of the fourth, having an even inner furface, which is

commonly tinged with bile.

The Piked Whale and, I believe, the large Whalebone

Whale, have a caecum ; but it is wanting in the Porpoife,

Grampus, and Bottle-nofe Whale.

The ftruCture of the inner furface of the intefline is in fome

very lingular, and different from that of the others.

The inner furface of the duodenum in the Piked Whale is

thrown into longitudinal rugae, or valves, which are at fome

diftance from each other, and thefe receive lateral folds. The
duodenum in the Bottle-nofe fwells out into a large cavity, and

might almoft be reckoned an eighth ftomach ; but as the gall

duCts enter it I fhall call it duodenum.

The inner coat of the jejunum, and ilium, appears in irre-

gular folds, which may vary according as the mufcular coat of

the intefline aCts
:
yet I do not believe, that their form de-

pends intirely on that circumftance, as they run longitudinally,

and take a ferpentine courfe when the gut is fhortened by the

contraction of the longitudinal mufcular fibres. The inteftinal

canal of the Porpoife has feveral longitudinal folds of the inner

coat palling along it, through the whole of its length. In the

Bottle-nofe the inner coat, through nearly the whole track of the

intefline, is thrown into large cells, and theie again lubdivided

into fmaller; the axis of which cells is not perpendicular to a

trail fve rfe lection of the intefline, but oblique, forming pouches

with the mouths downwards, and acting almoft like valves,

when any thing is attempted to be palled in a contrary di-

rection : they begin faintly in die duodenum, before it makes

M m m 2 i'S
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its quick turn, and terminate near the anus. The colon and

rectum have the rugae very flat, which feems to depend in-

tirely on the contraction of the-gut.

The reCtum near the anus appears, for four or five inches,

much contracted, is glandular, covered by a loft cuticle, and

the anus fmall.
*

I never found any air in the inteftines of this tribe; nor

indeed in any of the aquatic animals.

The mefenteric artery anaftomofes by large branches.

There is a confiderable degree of uniformity in the liver of this

tribe of animals. In fihape it nearly refembles the human, but is

not fo thick at the bafe, nor fo fharp at the lower edge, and is

probably not fo firm in its texture. The right lobe is the largeA

and thickeft, its falciform ligament broad, and there is a large

fiflure between the two lobes, in which the round ligament

pafles. The liver towards the left is very much attached

to the Aomach, the little epiploon being a thick fubAance.

There is no gall-bladder; the hepatic duCt is large, and enters

the duodenum about feven inches beyond the pylorus.

The pancreas is a very long, flat body, having its left end

attached to the right fide of the firA cavity of the Aomach :

it pafles acrois the fpine at the root of the mefentery, and near

to the pylorus joins the hollow curve of the duodenum, along

which it is continued, and adheres to that intefline, its duCl

entering that of the liver near the termination in the gut.

Although this tribe cannot be faid to ruminate, yet in the

number of Aomachs they come neared: to that order; but here

I fufpeCl that the order of digeftion is in fome degree inverted.

In both the ruminants, and^iis tribe, I think it mull be allowed

that the firA Aomach is a refervoir. In the ruminants the pre-

cife ufe of the fecond and third Aomachs is perhaps not known ;

but
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but digeftion is certainly carried on in the fourth ; while in this

tribe, 1 imagine, digeftion is performed in the fecond, and the

nfe of the third and fourth is not exa&ly afcertained.

The caecum and colon do not allii/h in pointing out the nature

of the food and mode of digeftion in this tribe. The Porpoife

which has teeth, and four cavities to the ftomach, has no cae-

cum, limilar to fome land animals, .as the Bear, Badger,

Racoon, Ferret, Polecat, &c. ; neither has the Bottle- nofe a

caecum which has only two fmall teeth in the lower jaw; and

the Piked Whale, which has no teeth, has a caecum, almoft:

exactly like the JLion, which has teeth and a very different kind

of ftomach.

The food of the whole of this tribe, I believe, is fifth

;

probably each may have a particular kind, of which it is

fondeft, yet does not refufe a variety. In the ftomach of the

large Bottle-nofe, I found the beaks of fome hundreds of

Cuttle -fifh. In the Grampus I found the tail of a Porpoife;

fo that they eat their own genus. In the ftomach of the Piked

Whale, I found the bones of different fifth, but particularly

thofe of the Dog- fifh. From the fize of the oefophagus we

may conclude, that they do not fwallow fifh fo large in pro-

portion to their fize as many fifh do, that we have reafon

to believe take their food in the fame way : for fifh often at-

tempt to fwallow what is larger than their ftomach s can at one

time contain, and part remains in the oefophagus till the reft is

digefted.

The epiploon on the whole is a thin membrane
; on the

right fide it is rath#r a thin net-work, though on the left it is a

complete membrane, and near to the ftomach of the fame fide

becomes of a confiderable thick nefs, efpecially between the

two'firft bags of the ftomach. It has little or no fat, except

what
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what (lightly covers the veifels in particular parts. It is attached

forwards, all along to the lower part of the different bags confti-

tuting the Ifomach, and on the right to the root of the mefen-

terv, between the ifomach and tranfverle arch of the colon, firff

behind to the tranfverfe arch of the colon and root, of the me-

fentery, then to the pofterior furface of the left or firif bag of

the ifomach, behind the anterior attachment. In fome of this

tribe there is the ufual paflage behind the veifels going to the

liver, common to all quadrupeds I am acquainted with ; but in.

others, as the fmail Bottle- nofe, there is no fuch paifage,

which by the cavity behind the ifomach in the epiploon of this

animal becomes a circumfcribed cavity.

The fpleen is involved in the epiploon, and is very fmail for

the iize of the animal. There are in fome, as the Porpoife,

one or two fmail ones, about the iize of a nutmeg, often fmal-

ler, placed in the epiploon behind the other. Thefe are fome-

times met with likewife in the human body.

The kidnies in the whole of this tribe of animals are con~

glomerated, being made up of fmaller parts, which are only

connected by cellular membrane, blood-veifels, and duffs, or

infundibula; but not partially connected by continuity of fub-

ftance, as in the human body, the Ox, &c. : every portion is of

a conical figure, who'fe apex is placed towards the center of

the kidney, the bafe making the external furface; and each is

compofed of a cortical and tubular fubftance, the tubular ter-

minating in the apex, which apex makes the mamilla. Each

mamilla has an infundibulum, which is long, and at its be-

ginning wide, embracing the bafe of the mamilla, and becom-

ing fmaller. Thefe infundibula unite at lad, and form the

ureter. The whole kidney is an oblong flat body, broader

mid thicker at the upper end than the lower, and has the

appearance
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appearance of being made up of different parts placed clofe

together, almoft like the pavement of a ftreet.

The ureter comes out at the lower end, and paffes along to

the bladder, which it enters very near the urethra.

The bladder is oblong, and fmall for the fize of the animal.

In the female the urethra paffes along to the external fulcus or

vulva y and opens juft under the clitoris, much as in the human

fubjeCt.

Whether being inhabitants of the water makes fuch a con-

ftruCtion of kidney neceffary L cannot fay; yet one muft fup-

pofe it to have fome connection with fuch fituation, fince we
find it almoft uniformly take place in animals inhabiting the

water, whether wholly, as this tribe, or occafionally, as the

Manatee, Seal, and White Bear: there is, however, the fame

ftruCture in the Black Bear, which, I believe, never inhabits

the water. This, perhaps, fhould be confiderea in another

light, as nature keeping up to a certain uniformity in the

ftruCture of fimilar animals ; for the Black Bear in conftruCtion

of parts is, in every other refpeCt as well as this, like the

White Bear.

The capfulae renales are fmall for the fize of the animal,

when compared to the human, as indeed they are in moft ani-

mals. They are flat, and of an oval figure ; the right lies on

the lower and pofterior part of the diaphragm fomewhat higher

than the kidney ; the left is fituated lower down, by the fide

of the aorta, between it and the left kidney. They are com-

pofed of two fubftances ; the external having the direction of

its fibres or parts towards the center ; the internal feeming more :

uniform, and not having fo much of the fibrous appearance.

The blood of animals of this order is, I believe, fimilar to

that of quadrupeds ; but I have an idea, that the red globules

are

;
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are in larger proportion. I will not pretend to determine how far

this may aflift in keeping up the animal heat; but as thele ani-

mals may be laid to live in a very cold climate or atmofphere,

and fuch as readily carries off heat from the body, they may

want fome help of this kind.

It is certain that the quantity of blood in this tribe and in

the Seal is comparatively larger than in the quadruped, and

therefore probably amounts to more than that of any other

known animal.

This tribe differs from fifh in having the red blood carried

to the extreme parts of the body, limilar to the quadruped.

The cavity of the thorax is compofed of nearly the fame

parts as in the quadruped; but there appears to be fome dif-

ference, and the varieties in the different genera are greater.

The general cavity is divided into two, as in the quadruped,

by the heart and mediaftinum. \

The heart in this tribe, and in the Seal, is probably larger

in proportion to their lize than in the quadruped, as all'o the

blood* vefiels, more efpecially the veins.

The heart is inclofed in its pericardium, which is attached by

a broad furface to the diaphragm, as in the human body. It is

compofed of four cavities two auricles, and two ventricles :

it is more flat than in the quadruped, and adapted to the lhape

of the cheft. The auricles have more fafciculae, and thefe

pafs more acrofs the cavity from fide to fide than in many other

animals ; befldes, being very mufcular, they are very elaftic,

* As the circulation is a permanent part of the conftitution refpe&ing the

clafs to which the animal belongs, and as the kind of heart correfponds with the

circulation, thefe fhould be confidered in the clailing of animals. Thus we have

animals whofe hearts have only one cavity, others with two, three, and four

verities.

for7
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for being ftretched they contract again very confiderably. There

is nothing uncommon or particular in the ftructure of the ven-

tricles, in the valves of the ventricles, or in that of the arteries.

The general ftru&ure of the arteries refembles that of other

animals ; and where parts are nearly fimilar, the dijffribu tion is

likewife fimilar. The aorta forms its ufual curve, and fends

off the carotid and fubclaviati arteries.

Animals of this tribe, as has been obferved, have a greater

proportion of blood than any other known, and there are many

arteries apparently intended as refervoirs, where a larger quantity

of arterial blood feemed to be required in a part, and vafcularity

could not be the only obje&. Thus we find, that the intercoftal

arteries divide into a vaft number of branches, which run in a

ferpentine courfe between the pleura, ribs, and their mufcles,

making a thick fubftance fomewhat fimilar to that formed by the

fpermatick artery in the Bull. Thofe veffels, every where lining

the fides of the thorax, pafs in between the ribs near their arti-

culation, and alfo behind the ligamentous attachment of the ribs,

and anaftomofe with each other. The medulla fpinalis is fur-

rounded with a net-work of arteries in the fame manner, more

efpecially where it comes out from the brain, where a thick fub-

ftance is formed by their ramifications and convolutions ; and

thefe vefiels moft probably anaftomofe with thofe of the thorax.

The fubclavian artery in the Piked Whale, before it paffes

over the firft rib, fends down into the cheft arteries which

afiift in forming the plexus on the infide of the ribs ; I am not

certain but the internal mammary arteries contribute to form

the anterior part of this plexus. The motion of the blood in

fuch muft be very flow; the ufe of which we do not readily fee.

The defcending aorta fends off the intercoftals, which are very

large, and give branches to this plexus ; and when it has reached

the abdomen, it fends off, as in the quadruped, the different

Vol. LXXVII. N n a branches
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branches to the vifcera, and the lumbar arteries, which are like-

wife very large for the lupply of that vaft mafs of mufcles

which moves the tail.

In our examination of particular parts, the fize of which is

generally regulated by that of the whole animal, if we have only

been accuftomed to fee them in thofe which are fmallor middle-

lized, we behold them with aftonifhment in animals fo far

exceeding the common bulk as the Whale. Thus the heart

and aorta of the Spermaceti Whale appeared prodigious, being

too large to' be contained in a wide tub, the aorta mea-

furing a foot- in diameter. When we confider thefe as applied

to the circulation, and figure to ourfelves, that probably ten

or fifteen gallons of blood are thrown out at one ftroke, and

moved with an immenfe velocity through a tube of a foot dia-

meter, the whole idea fills the mind with wonder.

The veins, I believe, have nothing particular in their flruc-

ture, excepting in parts requiring a peculiarity, as rn the folds

of the Ikin on the bread; in the Piked Whale, where their elafti-

city was to be iacreafed.

Of the Larynx.

The larynx in mod; animals living on land is a compound

organ, adapted both for refpiration, deglutition, and found, which

lad is produced in the actions of refpiration ; but in this tribe

the larynx, I fuppofe, is only adapted to refpiration, as we do

know that they have any mode of producing found.

It is compofed- of os hyoides, thyroid, cricoid, and two ary-

tenoid cartilages, with the epiglottis. It varies very much in

dructure and fize, when compared in animals of different

genera. Thefe cartilages were much fmaller in the Bottle-

nofe of twenty-four feet long, than in the Piked Whale of

feventeen feet, while the os hyoides was much larger.

In
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In the Bottle- nofe, the os hyoides is compofed of thre^

bones, befides two whofe ends are attached to it, being placed

above the os hyoides, making five in all. I11 the Porpoife, Piked

Whale, &c. it is but one bone, {lightly bent, having a broad

thin procels pafling up, which is a little forked : it has no

attachment to the head by means of other bones, as in many
quadrupeds.

The thyroid cartilage in the Piked Whale is broad from fide

to fide, but not from the upper to the lower part : it has two

lateral precedes, which are long, and pafs down the outfide of

the cricoid, near to its lower end, and are joined to it much as

in the human fubjeCt. Thefe differ in fhape in different ani-

mals of this tribe.

The cricoid cartilage is broad and flat, making the pofterior

and lateral part of the larynx, and is much deeper behind, and

laterally, than before. It is extremely thick and flrong, flat-

tened on the pofterior furface, and hollowed from the upper

edge to the lower. It terminates by a thick edge on the pofte-

rior part above, but irregularly at the lower edge, in the carti-

lages of the larynx.

The two arytenoid cartilages are extremely projecting, and

united to each other till near their ends ; are articulated on the

upper edge of the cricoid, but fend down a procefs, which

pafles on the in fide of the cricoid, being attached to a bag in the

Piked Whale, which is formed below the thyroid and before the

cricoid cartilages ; they crofs the cavity of the larynx obliquely,

making the paflage, at the upper part, a groove between them :

the cavity at this place fwells out laterally, but is very narrow

between the anterior and pofterior furfaces. The paflage above

between the arytenoid and thyroid cartilages is wide from fide

to fide, and is continued down on the outfide of the procefles of

N n n 2 the
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the arytenoid cartilage, as well as between them, ending below

the thyroid, which is folliculated on its inner furface on the

fore part of the cricoid cartilage.

The epiglottis makes a third part of the paflage, and compleats

the glottis by forming it into a canal, in feveral of this tribe ;

but in the Piked Whale it was not attached to the two arytenoid

cartilages, but only in contadt, or inclofing them at their bafe,

fo as to make them form a complete canal.

I could not obferve any thing like a thyroid gland.

From the glottis and epiglottis being fo connected as to make

but one canal, and from the thyroid and cricoid cartilages

being fo flattened in fome between the anterior and pofterior

furface, the paflage through thefe parts is very fmall or con-

tracted ; but the trachea fwells out again into a very confidera-

ble flze. Its larger branches are in proportion to the trunk:,

and enter the lungs at the upper end along with the blood-

veflels.

Of the Lungs.

The lungs are two oblong bodies, one on each fide of the

cheft, and are not divided into fmaller lobes, as in the human
fubjedt. They are of confiderable length, but not fo deep

between the fore and back part, as in the quadruped, from the

heart being broad, flat, and of itfelf filling up the fore part of

tne cheft. They pafs further down on the back part than in the

quadruped, by which their fize is increafed, and rife higher up

in the cheft than the entrance of the veflels, coming to a point'

at the upper end. From the entrance of the veflels they are

connedted downwards, along their whole inner edge, by a ftrong

attachment (in which there are in fome lymphatic glands)' to

3 the
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the pofterior mediaftinum. The lungs are extremely elaftic in

their fubftance, even fo much fo as to fqueeze out any air that

may be thrown into them, and to become almoft at once a

folid mafs, having a good deal the appearance, confidence, and

feel of an ox’s fpleen. The branches of the bronchia? which

ramify into the lungs have not the cartilages flat, but rather

rounded ; a conftru&ion which admits of greater motion be-

tween each.

The pulmonary cells are fmaller than in quadrupeds, which

may make lefs air neceflary, and they communicate with each

other, which thofe of the quadruped do not ; for by blowing

into one branch of the trachea, not only the part to which it

immediately goes, but the whole lungs are filled.

As the ribs in this tribe do not completely make the cavity

of the thorax, the diaphragm has not the fame attachments as

in the quadruped, but is connected forwards to the abdominal

mufcles, which are very ftrong, being a mixture of mufcular

and tendinous fibres.

The pofition of the diaphragm is lefs tranfverfe than in the

quadruped, paffing more obliquely backwards, and coming very

low on the fpine, and higher up before ; which makes the cheft

longeft in the direction of the animal at the back, and gives

room for the lungs to be continued along the fpine.

The parts immediately concerned in infpiration are extremely

ftrong ; the diaphragm remarkably fo. The reafon of this

muft at once appear; it neceflarily requiring great force to ex-

pand in a denfe medium like water, efpecially too when the

vacuity is to be filled with one which is rarer, and is to water a

fpecies of vacuum, the preifure being much greater on the

external furface than the counter-preffure from within. But

expiration on the other hand muft be much more eafily per-

formed ;
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formed ;
the natural elafticity of the parts themfelves, with

the p refill re of the water oil the external furface of the body,

being greater than the refifiance of the air from within, will

both tend to produce expiration without any immediate action

of mufcles.

The diaphragm, in thefe animals, appears to be the principal

agent in infpiration ; and the cavity of the thorax not being in-

tirely furrounded by bony parts, is of courfe lefs eafily expanded,

and the apparatus for its expanfion in all directions, as in the

quadruped, does not exift here.

The Blow-hole
,

or Pajfage for the Air.

As the nofe in every animal that breathes air is a common

pafl’age for the air, and is alfo the organ of fmelling ; I (hall

deferibe it in this tribe as infirumental to both thefe purpofes.

There is a variety in feme fpecies of this animal which is, I

believe, peculiar to this order ; that is, the want of the fen fe of

lmelling; none of thofe which I have yet examined having

that fenfe, except the two kinds of Whalebone Whale : fuch of

courfe have neither the olfaClory nerves, nor the organ ; there-

fore, in them, the nofirils are intended merely for refpiration ;

but others have the organ placed in this paflage as in other

animals.

The membranous portion of the pofierior nofirils is one canal

;

but when in the bony part, in mofi of them, it is divided

into two ; the Spermaceti Whale, however, is an exception.

In thofe which have it divided, it is in fome continued double

through the anterior foft parts, opening by two orifices, as in

the Piked Whale ; but in others, it unites again in the mem-
branous part, making externally only one orifice, as in the

7 Porpoife,
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Porpoife, Grampus, and Bottle-nofe. At its beginning in the

fauces, it is a roundifh hole, furrounded by a flrong fphindler

mufcle, for grafping the epiglottis ; beyond this, the canal

becomes larger, and opens into the two paffages in the bones

of the head. This part is very glandular, being full of fol-

licles, whofe duels ramify in the furrounding fubftance, which

appears fatty and mufcular like the root of the tongue, and

thefe ramifications communicate with one another, and contain

a vifeid (lime.

In the Spermaceti Whale, which has a fingle canal, it is

thrown a little to the left fide. After thefe canals emerge

from the bones near the external opening, they become

irregular, and have feveral fulci palling out laterally, of

irregular forms, with correfponding eminences. The ftruc-

ture of thefe eminences is mufcular and fatty, but lei's muf-

cular than the tongue of a quadruped.

In the Porpoife there are two fulci on each fide ; two large

and two final], with correfponding eminences of different

lhapes, the large ones being thrown into folds. The Spermaceti

Whale has the leaft of this fcruclure; the external opening in

it comes farther forwards towards the anterior part of the head,

and is confequently longer than in others of this order. Near

to its opening externally, it forms a large fulcus, and on

each fide of this canal is a cartilage, which runs nearly its

whole length. In all that I have examined, this canal, for-

wards from the bones, is intirely lined with a thick cuticle of

a dark colour.
%

In thole which have only one external opening, it is tranf-

verfe, as in the Porpoife, Grampus, Bottle-nofe and Sperma-

ceti Whale, &c. ; where double, they are longitudinal, as in

the Piked Whale, and the large Whalebone Whale. Thefe

openings.
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openings form a paffage for the air in refpiration to and from

the lungs ; for it would be impoffible for thefe animals to

breathe air through the mouth; indeed, I believe, the human

fpecies alone breathe by the mouth, and in them it is moftly

from habit ; for in quadrupeds the epiglottis condufrs the

air into the nofe.

In the whole of this tribe, the fituation of the opening on

the upper furface of the head is well adapted for this purpofe,

being the firft part that comes to the furface of the water in

the natural progreffive motion of the animal ; therefore it is to

be confidered principally as a refpiratory organ, and where it

contains the organ of fmell, that is only fecondary.

As the animals of this order do not live in the medium which

they infpire, the organs conducing the air to the lungs are in

fome fort particularly conftru&ed, that the water in which

they live may not interfere with the air they breathe.

The projecting glottis, which has been defcribed, paftes into

the pofterior noftrils, by which means it erodes the fauces, di-

viding them into two paftages. Th^ enlargement at the termi-

nation of the glottis, obfervcd in fome of them, would feem

to be intended to prevent its retraction ; but, as it feems con-

fined to the Porpoife and Grampus, it may, perhaps, in them

anfwer fome other purpofe.

The beginning of the pofterior noftrils, which anfwers to the

palatum molle in the quadruped, having a fphin&er, the glot-

tis is grafped by it, which renders its fituation ftill more fecure,

and the paffages through the head,acrofs the fauces and along the

trachea, are rendered one continued canal; this union of glottis

and epiglottis with the pofterior noftril, making only a kind of

joint, admits cf motion, and of dilatation and contraClion of the

fauces, in deglutition, from the epiglottis moving more in or

out of the pofterior noftril.

This
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1 his conftrudlion of parts anfwers a purpofe limilar to that

of the epiglottis in the quadruped ; it may be confidered as the

epiglottis and the arytenoid cartilages joining, to make a

tubular or cylindrical epiglottis, inftead of a valvular one.

The reafons why there fhould be fo peculiar a conftrudtion of

parts do not at firft appear ; but we certainly fee by it an

ablolute guard placed upon the lungs, that no water fhould get

into them.

This tribe being without the projecting tongue of the qua-

druped, and wanting its extenfive motion, and the power

of lucking things into the mouth, may probably require

the conftrudtion between the air and lungs to be more perfect

;

but how far it is fo, I will not pretend to fay.

The lize of the Brain differs much in different genera of this

tribe, and likewife in the proportion it bears to the bulk of

the animal. In the Porpoife, I believe, it is largeff, and

perhaps in that refpedt comes neareft to the human.

The lize of the cerebellum in proportion to that of the cere-

brum is fmaller in the human fubjedt than in any- animal with

which I am acquainted. In many quadrupeds, as the Horfe,

Cow, &c. the difproportion in lize between cerebellum and

cerebrum is not great, and in this tribe it is ffill lefs
;
yet not

fo fmall as in the bird, &c.

The whole brain in this tribe is compadt, the anterior

part of the cerebrum not projecting fo far forwards as in either

the quadruped or in the human lubjedt ; neither is the medulla

oblongata fo prominent, but flat, lying in a kind of hollow

made by the two lobes of the cerebellum.

The brain is compofed of cortical and medullary fubftances,

very diftindtly marked ;
the cortical being, in colour, like the

tubular fubftance of a kidney; the medullary, very white.

Vol. LXXVII. O o o Thefe
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Tnefe fubftances arc nearly in the fame proportion as in the

human brain. The two lateral ventricles are large, and in

thofe that have olfactory nerves are not continued into them

as in many quadrupeds
; nor do they wind io much outwards

as in the human fubjefl, but pais dole round the pofterior

ends of the thalami nervorum opticorum. The thalami them-

ielves are large; the corpora ftriata imall; the crura of the

fornix are continued along the windings of the ventricles, much

as in the human fubjeft. The plexus choroides is attached to

a ftroilg membrane, which covers the thalami nervorum opti-

corum, and paftes through the whole courfe of the ventricle,

much as in the human fubjeff.

The fubftance of the brain is more vifibly fibrous than I

ever faw it in any other animal, the fibres palling from the ven-

tricles as from a center to the circumference, which fibrous

texture is alfo continued through the cortical fubftance. The

whole brain in the Piked Whale weighed four pounds ten

ounces.

The nerves going out from the brain, I believe, are fimilar

to thofe of the quadruped, except in the want of the olfaflory

nerves in the genus of the Porpoife.

The medulla fpinalis is much fmaller in proportion to the

fize of the body than in the human fpecies, but ftill bears fome

proportion to the quantity of brain ; for in the Porpoife, where

the brain is large!!, the medulla fpinalis is large!!
;
yet this did

not hold good in the Spermaceti Whale, the fize of the me-

dulla fpinalis appearing to be proportionally larger than the

brain, which was fmall when compared to the fize of thei

animal. It has a cortical part in the center, and terminates

about the twenty-fifth vertebra, beyond which is the cauda

equina, the dura mater going no lower* The nerves which go

2 off
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oft from the medulla fpinalis are more uniform in fize than in

the quadruped, there being no fuch inequality of parts, nor

any extremities to be fupplied, except the fins.

The medulla fpinalis is more fibrous in its ftruCture than in

other animals ; and when an attempt is made to break it longi-

tudinally, it tears with a fibrous appearance, but tranfverfely

it breaks irregularly.

The dura mater lines the fkull, and forms in fome the three

proceffes anfwerable to the divifions of the brain, as in the hu-

man fubjeCt ; but in others, this is bone. Where it covers the

medulla fpinalis, it differs from all the quadrupeds I am ac-

quainted with, inclofing the medulla clofely, and the nerves

immediately palling out through it at the lower part, as they

do at the upper, fo that the cauda equina, as it forms, is on

the outfide of the dura mater.

As the Organs of Senfe are varioufly formed in different ani-

mals, fitted for the various modes of impreffion ; and as the

modes are either increafed or varied, according to circumftances

which make no part of the fenfe itfelf, but which are necel-

fary for the oeconomy of the animal, we find the lenfes in this

tribe varied in their conftruCtion, and in fome a fenfe is even

wholly wanting.

The organs of fenfe, which appear to be adapted to every

mode of life, are thofe of touch and taffe ; but thole of lmell,

fight, and hearing, probably require to be varied according to

circumftances. Thus fmell may be increafed by a mode of

impregnation, hearing by the vibration of different mediums,

and fight by the different powers of refraction of different me-

diums ; therefore, as animals are intended by nature to be dif-

ferently circumftanced, fo are the fenfes formed.

O o o 2 Of



42 6 Mr. Hunter’s Observations on the

Of the Senfe of Touch.

The cutis in this tribe appears, in general, particularly well

calculated for fenfation
; the whole lurface being covered with

villi, which are fo many ve'ffels, and we muft luppofe, nerves.

Whether this ftrueture is only neceflary for acute fen fation, or

whether it is neceflary for common fenfation, where the cuticle

is thick, and confifting of many layers, 1 do not know. We may

obferve, that where it is neceflary the fenfe of touch fhould be

accurate, the villi are ufually thick and long, which probably

is neceflary, becaufe in moft parts of the body, where the more

acute fen fations of touch are required, fuch parts are covered

by a thick cuticle. Of this the ends of our fingers, toes, and

the foot of the hoofed animals, are remarkable examples.

Whether this fenfe is more acute in water, I am not certain,

but fhould imagine it is.

OJ the Senfe of Tafle,

The tongue, which is the organ of tafle, is alfo endowed

with the fenfe of touch. It is likewife to be confidered, in

the greatefl number of animals, as an inflrument for mecha-

nical purpofes ; but probably lefs fo in this tribe than any other.

However, even in thefe, it muft have been formed with this

view, fince, merely as an organ of tafle, it would only have re-

quired furface, yet is a projecting body endowed with motion.

In fome, it is better adapted for motion than in others ; and I

fhould fuppofe this to be requisite, on account of the difference

in the mode of catching the food, and in the aCt of fwallowing.

It is moft projecting in thofe with teeth, probably for the better

conducting
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concluding the food, ftep by ftep, to the cefophagus ; whereas,

it does not feem fo neceflary to have fuch management of the

tongue in thole which have no teeth, and catch their food by

merely opening the mouth, and fwimming upon it, or by

having their prey carried in by the water. In the Porpoife and

Grampus it is firm in texture, compofed of mufcle and fat,

being pointed and fer rated on its edges, like that of the Hog.

I11 t he Spermaceti Whale the tongue was almoft like a feather-

bed. In the Piked Whale it was but gently raifed, hardly having

any lateral edges, and its tip projecting but little, yet, like

every other tongue, compofed of mufcle and fat. The extent

between the two jaw bones in this Whale was very confidera-

ble, taking in the whole width of the head or upper jaw, and

of courfe including the whalebone. This extent of furface,

between jaw and jaw, having but little projection of tongue,

is almofi: flat from fide to fide, is extremely elaftic when con-

tracted, and throws the inner membrane into a vaft number of

very frnall folds, that run parallel to one another, but which

are again thrown into a clofe ferpentine courfe by the elafticity

of the part in a contrary direction. From the tongue being

capable of but little motion, there is only a frnall mafs of

mufcle required ; and from the thinnefs of the jaw bones, the

diftance between the lowTer furface of the mouth and external

furface of the Ikin is but frnall; and this {kin being ribbed, and

very elaftic, is capable of confiderable diftention, by which the

cavity of the mouth can be enlarged.

The tongue of the large Whalebone Whale, I fhould fup-

pofe, rofe in the mouth confiderably ; the two jaws at the

middle being kept at fuch a diftance on account of the whale-

bone, fo that the lpace between, when the mouth is fhut, muft

be filled up by the tongue.

2 Of
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Of the Senfe of Smelling,

In this tribe of animals there is fomething very remarkable

in what relates to the fenfe of fmelling ; nor have I been able

to difcover the particular mode by which it is performed.

When we confider thefe animals as quadrupeds, and only

conftrudted differently in. external form for progreflive mo*

tion through water, we mud fee that it was neceffary that all

the fenfes Ihould correfpond with this medium : we mud
therefore be at a lofs to conceive how they fmell, fince we may

obferve, that the organ for fmelling water, as in fifh, is very

different from that formed to fmell air ; and as we mudfuppofe

this tribe are only to fmell water, being the medium in which

fuch odoriferous particles can be diffufed, we fhould expedt

their organ to be fimilar to that of fifh ; but in that cafe nature

would have been obliged to have attached the nofe of a fifh to

an animal condrudled like a quadruped ; and it is contrary to

the laws which are edablifhed in the animal creation to mix

parts of different animals together.

In many of this tribe there is no organ of fmell at all ; and in

thofe which have fuch an organ, it is not that of a fifh, therefore

probably not calculated to fmell water. It becomes difficult, there-

fore, to account for the manner in which fuch animals fmell the

water; and why the others fhouldnot have had fuch an organ *,

* Is the inode of fmelling in fifh fimilar to tailing in other animals ? Or is the

air contained in the water impregnated with the odoriferous parts, and this air

the fifh fmells ? If fo, it is fomewhat fimilar to the breathing of fifh, it not

being the water which produces the effect there, but the air contained in it.

Thfs I proved by experiments, and is mentioned by Dr. Priestley.

which,
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which, 1 believe, is peculiar to the large and imall Whale-
bone Whales.

\

Although it is non the external air which they infpire that

produces fmell, 1 believe it is the air retained in the noflril

out of the current of refpiration, which bv being impregnated

with the odoriferous particles contained in the water during the

aft of blowing, is applied to the organ of fmell. It might be

fuppofed, that they could fmell the air on the furface of the

water by every infpiration, as animals do on land ; and pro-

bably they may : but this will not give them the power to

fmell the odoriferous particles of their prey in the water at any

depth ; and as their organ is not fitted to be affeded by the ap-

plication of water, and as they cannot fuck water into the noflril,

without the danger of its palling into the lungs, it cannot

be by its application to this organ that they are enabled to fmell.

Some have the power of throwing the water from the mouth

through the noflril, and with fuch force as to raife it thirty

feet high: this muft anfwer fome important purpofe, although

not immediately evident to us.

As the organ appears to be formed to fmell air only, and as

I conceive the fmelling of the external air could not be of ule

as a fenfe. I therefore believe, that they do not fmell in infpi-

ration ;
yet let us conlider how they may be fuppofed to fmell

<

the odoriferous particles of the water.

The organ of fmell is out of the direct road of the current

of air in infpiration ; it is alfo out of the current of water
'

when they fpout; may we not fuppofe then, that this fmus

contains air, and as the water paffes in the ad of throwing it

out, that it impregnates this refervoir of air, which imme--

diately affeds the fenfe of fmell. This operation is probably

performed in the time of expiration, becaufe it is faid that this-

water
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water is fometimqs very often five ; but all this 1 only give 33

conjecture.

If the above folution is juft, then only thofe which have the

organ of fmell can ipout, a fa£t worthy of enquiry.

The organ of fmell would appear to be lefs neceflary in thefe

animals than in thofe which live in air, fince fome are wholly

deprived of it ; and the organ in thofe which have it is ex-

tremely fmall, when compared with that of other animals, as

well as the nerve which is to receive the impreflion, as was

obferved above.

Of the Senfe of Hearing .

The ear is conftru&ed much upon the fame principle as in the

quadruped ; but as it differs in feveral refpe&s, which it is ne-

ceflary to particularife, to convey a perfect idea of it the whole

fhould be defcribed. As this would exceed the limits of this Pa-

per, I fnall content myfelf with a general delcription, taking

notice of thofe material points in which it differs from that of

the quadruped.

This organ confifts of the fame parts as in the quadruped ;

an external opening, with a membrana tympani, an Eufla-

chian tube, a tympanum with its procefles, and the fmall

- bones. There is no external projection forming a funnel, but

merely an external opening. VVe can eaflly aflign a reafon

why there fhould be no projedting ear, as it would interfere

with progreflive motion ; but the reafon why it is not formed

as in birds, is not fo evident ; whether the percuffions of wa-

ter could be collected into one point as air, 1 cannot fay. The
tympanum is conftru&ed with irregularities, fo much like

thofe of an external ear, that I could fuppofe it to have a fimi-

lar effect.

The
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The external opening begins by a fmall hole, fcarcely percep-

tible, fituated on the fide of the head a little behind the eye. It is

much longer than in other animals, in confequence of the fizeof

the head being fo much increafed beyond the cavity that contains

the brain. It paffes in a ferpentine courfe, at fird horizontally,

then downwards, and afterwards horizontally again, to the mem-
brana tympani, where it terminates. In its whole length it is com-

pofed of different cartilages, which are irregular and united toge-

ther by cellular membrane, fo as to admit of motion, and probably

of lengthening or (hortening, as the animal is more or lefs fat.

The bony part of the organ is not fo much inclofed in the

bones of the Ikull as in the quadruped, confiding commonly

of a didinft bone or bones, clofely attached to the ikull, but

in general readily to be feparated from it
;
yet in fome it fends

off, from the pofferior part, proceiles which unite with the ikull.

It varies in its ihape, and is compofed of the immediate organ

and the tympanum.

The immediate organ is, in point of fituation to that of the

tympanum, fuperior and internal, as in the quadruped. The

tympanum is open at the anterior end, where the Euffachian •

tube begins.

The Euffachian tube opens on the outfide of the upper part

of the fauces: in fome higher in the noie than others;

higheft, I believe, in the Porpoife. From the cavity of the

tympanum, where it is rather larged, it pafles fonvards and

inwards, and near its termination appears very much fafcicu-

lated, as if glandular.

The Eudachian tube and tympanum communicate with feve-

ral finufes, which pading in various diredfions furround the

bone of the ear. Some of thefe are cellular, dmilar to the

cells of the madoid procels in the human fubjeff, although

not bony. There is a portion of this cellular druclure ot a

Vol. LXXVII. P P p
parti-
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particular kind, being white, ligamentous, and each part rather

rounded than having flat fldes *. One of the flnufes palling

out of the tympanum dole to the membrana tympani, goes a

little wray in the fame direction, and communicates with a

number of cells.

The whole funclion of the Euftachian tube is perhaps not

known ; but it is evidently a duel from the cavity of the ear,

or a pafl'age for the mucus of thefe parts ; the external opening

having a particular form would incline us to believe, that fome-

thing was conveyed to the tympanum.

The bony part of the organ is very hard and brittle, ren-

dering it even difficult to be cut with a law, without its chip-

ping into pieces. That part which contains the immediate or-

gan is by much the hardefl, and has a very lmall portion of

animal fubftance in it; for when fleeped in an acid, what re-

mains is very foft, almofl: like a jelly, and laminated. The
bone is not only harder in its fubftance, but there is on tho

whole more lolid bone than in the correlponding parts of qua-

drupeds, it being thick and mafly.

The part containing the tympanum is a thin bone, coiled

upon itfelf, attached by one end to the portion which contains

the organ ; and this attachment in fome is by clofe contact

only, as in theNarwhale; in others, the bones run into on©

another, as in the Bottle-nofe and Piked Whales.

The concave lide of the tympanum is turned towards the

organ, its two edges being clofe to it; the outer is irregular,

and in many only in contact, as in the Porpoife : while in

i
* Thefe communications with the Euftachian tube may be compared to a large

bag on the bafes of the lkull of the Horfe and Afs, which is a lateral fwell of

the membranous part of the tube, and when diftended will contain nearly a

quart.

others
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others the union is by bony continuity, as in the Bottle-nole

Whale, leaving a pafl'age on which the membrana tympani

is ftretched, and another opening, which is the communica-

tion with the linufes.

The furface of the bone containing the immediate organ op-

pofite to the mouth of the tympanum is very irregular, having a

number of eminences and cavities. The cavity of the tym-

panum is lined with a membrane, which alfo covers the fmall

bones with their mufcles, and appears to have a thin cuticle.

This membrane renders the bones, mufcles, tendons, &c.

very obfeure, which are feen diftin&ly when that is removed.

It appears to be a continuation of the periofteum, and the

only uniting fubftance between the lmall bones. Befides

the general lining, there is a plexus of veflels, which is

thin and rather broad, and attached by one edge, the reft being

loofe in the cavity of the tympanum, fomewhat like the plexus

choroides in the ventricles of the brain. The cavity, we may

fuppofe, intended to increafe found, probably by the vibration

of the bone ; and from its particular formation we can eafily con-

ceive, that the vibrations are conducted, or reflefted, towards

the immediate organ, it being in fome degree a fubftitute for

the external ear.

The external opening being fmaller than in any animals of

the fame fize, the membrana tympani is nearly in the fame

proportion. In the Bottle-nofe Whale, the Grampus, and

Porpoife, it is fmooth and concave externally, but of a parti-

cular conftru&ion on the inner furface ; for a tendinous pro-

cefs pafles from it towards the malleus, converging as it pro-

ceeds from the membrane, and becoming thinner till its infertion

into that bone. I could not difeover whether it had any mul-

cular fibres which could affieft the a&ion of the malleus. In

P p p 2 the
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the Piked Whale, the termination of the external opening,

inftead of being lmooth and concave, is projecting, and re-

turns back into the meatus for above an inch in length, is

firm in texture, with thick coats, is hollow on its infide, and

its mouth communicating with the tympanum ; one fide being

fixed to the malleus, fimilar to the tendinous procefs which

goes from the infide of the membrana tympani in the others.

A little way within the membrana tympani, are placed the

fmall bones, which are three in number, as in the quadruped.

Malleus, Incus, and Stapes; but in the Bottle-nofe Whale there

is a fourth, placed on the tendon of the Stapedaeus mufcle.

Thefe bones are as it were fufpended between the bone of the

tympanum, and that of the immediate organ.

The malleus has two attachments, befides that with the in-

cus ; one dole to the bone of the tympanum, which, in the

Porpoife, is only by contact, but in others by a bony union ;

the other attachment is formed by the tendon, above defcribed,

being united to the inner furface of the membrana tympani.

Its bafe articulates with the incus.

The incus is attached by a fmall procefs to the tympanum,

and is fufpended between the malleus and ftapes. The procefs

by which it articulates with the ftapes is bent towards that

bone.

The ftapes ftands on the veftibulum, by a broad oval bafe.

In many of this tribe, the opening from fide to fide of the

ftapes is fo fmall as hardly to give the idea of a ftirrup.

The mufcles which move thefe bones are two in number,

and tolerably ftrong. One arifes from that projecting part of

the tympanum which goes to form the Euftachian tube, and

running backwards is inferted into a fmall depreffion on the

anterior part of the malleus. The ufe of this mufcle leems to

5 be



the malleus ancliylolcd with the tympanum, we can hardly

conjecture its ule. '1 he other has its origin from the inner

lurface of the tympanum, and pa fling backwards is inferted

into the (tapes by a tendon, in which I found a bone in the

large Bottle mole. This mufcle gives the (tapes a lateral mo-
tion. What particular ufe in hearing may be produced by

, the action of thele mufcles, 1 will not pretend to fay; but we
muft l’uppofe, whatever motion is given to the bones mud
terminate in the movement of the ftapes.

The immediate organ of hearing is contained in a round,

bony procel's, and con (ills of the Cochlea and Semicircular

Canals, which fomevvhat referable the quadruped ; but, befides

the two lpiral turns of the cochlea, there is a third, which

makes a ridge within that continued from the foramen rotun-

dum, and follows the turns of the canal.

The cochlea is much larger, when compared with the femi-

circular canals, than in the human fpecies and quadruped.

We may reckon two pafl'ages into the immediate organ of hear-

ing, the foramen rotundum, and foramen ovale. They are at a

greater diftance than in the quadruped. The foramen rotundum

is placed much more on the outer furface of the bone, and not

in the cavity of the bony tympanum; but may be faid to com-

municate with the furrounding cellular part of the tympanum.

The foramen rotundum, which is the beginning of one of

thefe turns, appears to be only one end of a tranfverfe

groove, which is afterwards clofed in the middle, forming a

canal with the two ends open ; fo that this foramen appears

to have two beginnings; but the other opening is probably

only a palfage for blood-veflels going to the cochlea.

From
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From this foramen begins the inner turn of the cochlea,

which is the largeft, efpecially at its beginning; the other

begins from the veftibulum. The cochlea is a fpiral canal coiled

within itfelf, and divided into two by a thin fpiral bony plate,

which is compleated in the recent fubjedl, and forms two per-

fect canals.

In the recent fubjeT, the foramen rotundum is lined with

the membrane of the tympanum, which terminates in a blind

end, forming a kind of membrana cochleae. The other open-

ing, in the recent fubjedt, communicates with the fpiral turn,

beyond the membranous termination of the foramen rotundum.

The foramen ovale has a little projection inwards all round,

on which the ftapes ftands : within this is the veftibulum,

which is common to the other fpiral turn of the cochleae, and

the femicircular canals ; this canal of the cochlea pafl'es out

hrft in a direction contrary to its general courfe, but foon

makes a turn into the fpiral. It is round, and not merely a

divifion of the cochlea- into two by a feptum, but has a mem-
brane of its own, which is attached to the thin bony plate,

and lines that part of the cochlea in fuch a manner as to re-

tain its ftrudture when the bone is removed. The cochlea in

fome compleats one turn and an half ; in others, more. It is

not a fpiral on a plane, or cylinder, but on a cone.

I have already obferved, that by looking in at the foramen

rotundum, we fee two fmall ridges ; the uppermoft is the

fwell of the canal from the veftibulum juft deferibed ; the

lower ridge, which is alfo a canal, may be obferved juft to

pafs along the foramen belonging to this canal, clofe to the

feptum between the two ; a circumftance, 1 believe, peculiar

to this tribe. Its beginning is clofe to the veftibulum, but does

not open from it, and paftes along the firft deferibed fpiral

6 turn
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turn to its apex: when opened, it appears to be a canal full

of fmall perforations, probably the paflages of the branches

from the auditory nerve.

This bony procefs has feveral perforations in it ; one of them

large, for the paflage of the feventh pair of nerves. The lize

of the portio mollis, before its entrance into the organ, is verv

large, and bears no proportion to that which enters. The
paflage for this nerve is very wide, and feems to have an irre-

gular blind conical, and fomewhat fpiral, termination ; its

being fpiral ar-ifes from the clofenefs to the point of the cochlea.

In the terminating part there are a number of perforations

into the cochlea, and one into the femicircular canals, which

afford a paflage to the different divifions of the auditory nerve.

There is a conflderable foramen in its anterior fide near the

bottom, for the paflage of the portio dura, and which is con-

tinued backward to the cavity of the tympanum near the flapes,

and emerges near the pofterior and upper part of this bone..

Of the Organ of Seeing .

The eye in this tribe of animals is conftruTed upon nearly

the fame principle as that of quadrupeds, differing, however,

in fome circumftances ; by which it is probably better adapted

to fee in the medium through which the light is to pafs. It

is upon the whole fmall for the fize of the animal, which

would lead to the fuppofition, that their locomotion is not

great ; for, I believe, animals that fwim are in this refped:

fimilar to thofe that fly; and as this tribe come to the furface

of the medium in which they live, they may be confidered in

the fame view with birds which foar; and we find, birds

that
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that fly to great heights, and move through a confiderable

fpace, in fearch of food, have their eyes larger in proportion

to their fize.

The eyelids have but little motion, and do not confift of

loofe cellular membrane, as in quadrupeds, but rather of the com-

mon adipofe membrane of the body ; the connexion, however,

of their circumference with the common integuments is

loofe, the cellular membrane being lefs loaded with oil, which

allows of a flight fold being made upon the furrounding parts

in opening the eyelids. This is not to an equal degree in them

all, being lefs fo in the Porpoife than in the Piked Whale.

The tunica conjunctiva, where it is reflected from the eyelid

to the eyeball, is perforated all round by fmall orifices of the

duCts of a circle of glandular bodies lying behind it.

The lachrymal gland is fmall ; its ufe being fupplied by thofe

above-mentioned ;
and the fecretion from them all, I believe,

to be a mucus fimilar to what is found in the Turtle and Cro-

codile. There are neither punCta nor lachrymal duCt, fo that

the fecretion, whatever it be, is wafhed off into the water.

The mufcles which open the eyelids are very ffrong : they

take their origin from the head, round the optic nerve, which

in 1'ome requires their being very long, and are fo broad as

almoft to make one circular mufcle round the whole of the

interior ftraight mufcles of the eye itfelf. They may be di-

vided into four ; a luperior, an inferior, and one at each

angle : as they pafs outwards to the eyelids, they diverge and

become broader, and are inferted into the infide of the eyelids

almofl: equally all round. They may be termed the dilatorcs of

the eyelids ; and, before they reach their infertion, give off

the external ftraight mufcles, which are fmall, and inferted

into the fclerotic coat before the tranfverfe axis of the eye

:

thefe
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thefe may be named the elevator, depreffor, addudlor, and ab-

ductor, and may be differed away from the others as diffindt

mufcles. Befides thefe four going from the mufcles of the

eyelid to the eye itfelf, there are two which are larger, and in-

clofe the optic nerve with the plexus. As thefe pafs outwards

they become broad, may in fome be divided into four, and

are inferted into the fclerotic coat, almoft all round the eye,

rather behind its tranfverfe axis.

The two oblique mufcles are very long; they pafs through

the mufcles of the eyelids, are continued on to the globe of

the eye, between the two fets of ffcraigh t mufcles, and at

their infertions are very broad ; a circumftance which gives

great variation to the' motion of the eye.

The fclerotic coat gives fhape to the eye, both externally

and internally, as in other animals ; but the external ihape and

that of the internal cavity are very diflimilar, arifing from

the great difference in the thicknefs of this coat in different

parts. The external figure is round, except that it is a little

flattened forwards; but that of the cavity is far otherwife,

.

being made up of ledtions of various circles, being a little

lengthened from the inner iide to the outer, a tranfverfe fedtion

making a fhort ellipfis.

In the Piked Whale the long axis is two inches and three-

quarters, the fhort axis two inches and one-eighth.

The pofterior part of the cavity is a tolerably regular curve,

.

anfwering to the difference in the two axifes ; but forwards,

near the cornea, the fclerotic coat turns quickly in, to meet

the cornea, which makes this part of the cavity extremely flat,

and renders the diffance between the anterior part of the fcle-

Vol. LXXVII. Q q q rotfe



440 Mr. Hunter’s Obfervations on the

rotic coat and the bottom of the eye not above an inch and

a quarter.

In the Piked Whale the fclerotic coat, at its pofierior part,

is very thick : near the extreme of the fhort axis it was

half an inch, and at the long axis one-eighth of an inch

thick. In the Bottle-nofe Whale, the extreme of the fhort

axis was half an inch thick, and the extremes of the long axis

about a quarter of an inch, or half the other.

The fclerotic coat becomes thinner as it approaches to its

union with the cornea, where it is thin and foft. It is extremely

firm in its texture, where thick, and from a t ran fiver fe fecdon

would l'eem to be compofed of tendinous fibres, intermixed

with fomething like cartilage ; in this feciion four paffages for

vefiTels remain open. This firmnefs of texture precludes all

effect of the ftraight mlifcles on the globe of the eye, by alter-

ing its fhape, and adapting its focus to different difiances of

objects, as has been fuppofed to be the cafe in the human eye.

The cornea makes rather a longer ellipfis than the ball of the

eye ; the hides of which are not equally curved, the upper

being mofi confiderably fo. It is a fegment of a circle fomewhat

fmaller than that of the eyeball, is foft and very flaccid.

The tunica choroides refembles that of the quadruped
; and

its inner furface is of a filver hue, without any nigrum pig-

men turn.

The nigrum pigmentum only covers the ciliary procefles,

and lines the infide of the iris.

The retina appears to be nearly fimilar to that of the qua-

druped.

The arteries going to the coats of the eye form a plexus

paffiug round the optic nerve, refembling, in its appearance, that

of the fpermatic artery in the Bull and fome other animals.

The
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The cryflalline humor refembles that of the quadruped

;

but whether it is very convex or flattened, I cannot determine,

thofe I have examined having been kept too long to preferve

their exadl fhape and fize. The vitreous humor adhered to the

retina at the entrance of the optic nerve.

The optic nerve is very long in fome Ipecies, owing to the vafl

width of the head.

I (hall not at prefent conflder the eye in animals of this tribe,

as it refpedls the power of viflon, that being performed on a ge-

neral principle common to every animal inhabiting the water

;

more efpecially as I am only mafter of the conflrudlion and for-

mation of the eye, and not of the fize, fhape, and den fi ties of the

humors; yet, from realoning, we muft fuppofe them to cor-

refpond with the fhape of the eye, and the medium through

which the light is to pals.

Of the Parts of Generation .

The parts of generation in both fexes of this order of ani-

mals come nearer in form to thofe of the ruminating than of any

others ;
and this fimilarity is, perhaps, more remarkable in the

female than in the male; for their fituation in the male muff

vary on account of external form, as was before cbferved.

The teflicles retain the fituation in which they were formed,

as in thofe quadrupeds in which they never come down into the

fcrotum. They are fituated near the lower part of the abdo-

men, one on each fide, upon the two great depreflors of the

tail. At this part of the abdomen, the teflicles come in contact

with the abdominal mufcles anteriorly.

The vafa deferentia pals directly from the epididymis behind

the bladder, or between it and the reftum, into the urethra;

Q^q q 2 and
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and there are no bags fimilar to thofe called veficulae feminales

in certain other animals.

The ftrudture of the penis is nearly the fame in them all,

and formed much upon the principle of the quadruped. It is

made up of two crura, uniting into one corpus cavernofum, and

the corpus fpongiofum feems firft to enter the corpus caver-

nofum. In the Porpoife, at leaft, the urethra is found nearly

in the center of the corpus cavernofum ; but towards the

glans feems to feparate or emerge from it, and becoming a

diilindt fpongy body, runs along its under furface, as in qua-

drupeds. The corpus cavernofum in fome is broader from the

upper part to the lower than from fide to fide ; but in the Por-

poife has the appearance of being round, becoming fmaller for-

wards, fo as to terminate alnioft in a point fome diftance from

the end of the penis. The glans does not fpread out as in many
quadrupeds, but feems to be merely a plexus of veins covering

the anterior end of the penis, yet is extended a good way fur-

ther on, and is in fome no more than one vein deep.

The crura penis are attached to twTo bones, which are nearly

in the fame fituation and in the fame part of the pelvis as thofe

to which the penis is attached in quadrupeds ; but thefe bones

are only for the infertion of the crura, and not for the fupport of

any other part, like the pelvis in thofe animals which have

pofterior extremities, neither do they meet at the fore part, or

join the vertebrae of the back.

The ere(Stores penis are very ftrong mufcles, having an origin

and infertion fimilar to thole of the human fubjedl.

The acceleratores mufcles are likewife very flrong ; and there

is a Itrong and long mufcle, arifing from the anus, and palling

forwards to the bulb of the penis, that runs along the under

furface of the urethra, and is at 1 aft loll or inferted in the cor-

pus-a
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pus fpongiofum. This mufcle draws the penis into the pre-

puce, and throws that part of the penis that is behind its in-

fertion into a Terpentine form. It is common to moft ani-

mals that draw back the penis into what is called the (heath,

and may be called the retractor penis.

In all the females which I have examined, the parts of

generation are very uniformly the fame ; confiding of the

external opening, the vagina, the two horns of the uterus,

Fallopian tubes, fimbriae, and ovaria.

The external opening is a longitudinal flit, or oblong open-

ing, whole edges meet in two oppofite points, and the Tides

are rounded off, To as to form a kind of fulcus. The (kin and

parts on each fide of this fulcus are of a loofer texture than on

the common furface of the animal, not being loaded with oil,

and allowing of fuch motion of one part on another as admits

of dilatation and contraction. The vagina pafles upwards and

backwards towards the loins, fo that its direction is diagonal

refpeCting the cavity of the abdomen, and then divides into the

two horns, one on each fide of the loins; thefe afterwards

terminating in the Fallopian tubes, to which the ovaria are

attached. From each ovarium there is a fmall fold of the

peritoneum, which pafles up towards the kidney of the fame

fide, as in moft quadrupeds.

The infide of the vagina is fmooth for about one-half of its

length, and then begins to form fomething fimilar to valves

projecting towards the mouth of the vagina, each like an os

tincae ; thefe are about fix, feven, eight, or nine in number.

Where they begin to form, they hardly go quite round, but

the lad are complete circles. At this part too the vagina be-

comes fmaller, and gradually decreases in width to its termi-

nation. From the lad projecting part, the paflage is conti-

nued



444 JWr. Hunter’s Obfervations on the

nued up to the opening of the two horns, and the inner fur-

face of this laft part is thrown into longitudinal rugae, which

are continued into the horns. Whether this laft part is to be

reckoned common uterus or vagina, and that the laft valvular
#

part is to be confidered as os tineas, I do not know ; but from

its having the longitudinal rugae, I am inclined to think it

is uterus, this ftruTure appearing to be intended for diftindtion.

The horns are an equal divifion of this part ; they make a

gentle turn outwards, and are of confiderable length. Their

inner furface is thrown into longitudinal rugae, without any

fmall protuberances for the cotyledons to form upon, as in

thofe of ruminating animals ; and where they terminate, the

Fallopian tubes begin.

In the Bottle-nofe Whale, where the Fallopian tubes opened

into the horns of the uterus, they were furrounded by pendu-

lous bodies hanging loofe in the horns.

The Fallopian tubes, at their termination in the uterus, are

remarkably fmall for fome inches, and then begin to dilate

rather fuddenly ; and the nearer to the mouth the more this

dilatation increafes, like the mouth of a French horn, the ter-

mination of which is five or fix inches in diameter. Thev are
V

very full of longitudinal rugae through their whole length.

The ovaria are oblong bodies, about five inches in length ;

one end attached to the mouth of the Fallopian tube, and the

other near to the horn of the uterus. They are irregular on

their external furface, refembling a capfula renalis or pancreas.

They have no capfula, but what is formed by the long Fal-

lopian tube.

How the male and female copulate, I do not know ; but it

is alledged, that their pofition in the water is ere£t at that

time, which I can readily fuppofe may be true ; for otherwife,

if
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if the connexion is long, it would interfere with the aft of

refpiration, as in any other pofition the upper furface of the

heads of both could not be at the furface of the water at the

fame time. However, as in the parts of generation they moll

refemble thofe of the ruminating kind, it is poffible they may
likewife refemble them in the duration of the aft of copula-

tion ; for, I believe, all the ruminants are quick in this aft.

Of their uterine geftation I as yet know nothing
; but it is

very probable, that they have only a fmgle young one at a time,

there being only two nipples. Thisfeemed to be the cafe with

the Bottle- nole Whale, caught near Berkeley, which had been

feen for fome days with one young one following it, and they

Were both caught together.

The glands for the fecretion of milk are two; one on each

fide of the middle line of the belly at its lower part. The

pofterior ends, frpm which go out the nipples, are on each

fide of the opening of the vagina, in fmall fulci. They are

flat bodies lying between the external layer of fat and abdo-

minal mufcles, and are of conliderable length, but only one-

fourth of that in breadth. They are thin, that they may not

vary the external fhape of the animal, and have a principal

duft, running in the middle through the whole length of the

gland, and colleftingthe fmaller lateral dufts,which are made up

of thofe {till Imaller. Some of thele lateral branches enter

the common trunk in the direftion of the milk’s palfage, others

in the contrary direftion, efpecially thofe neareft to the termi-

nation of the trunk in the nipple. The trunk is large, and

appears to ferve as a refervoir to the milk, and terminates exter-

nally in a projeftion,
.

which is the nipple. The lateral por-

tions of the fulcus which indoles the nipple, are compofed of

parts loofer in texture than the common adipofe membrane,

which is probably to admit of the elongation or projeftion of

c the
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the nipple. On the outfide of this there is another fmall

fiflure, which, I imagine, is likewife intended to give greater

facility to the movements of all thefe parts.

The milk is probably very rich ; for in that caught near

Berkeley with its young one, the milk, which was tafted by

Mr. Jenner and Mr. Ludlow, Surgeon, at Sodbury, was

rich like Cow’s milk to which cream had been added.

The mode in which thefe animals muff fuck would appear

to be very inconvenient for refpiration, as either the mother or

young one will be prevented from breathing at the time, their

noftrils being in oppofite directions, therefore the nofe of one

muft be under water, and the time of fucking can only be be-

tween each refpiration. The aCt of fucking muft likewife be

different from that of land animals ; as in them it is performed

by the lungs drawing the air from the mouth backwards into

themfelves, which the fluid follows, by being forced into the

mouth, from the prefl'ure of the external air on its furface

;

but in this tribe, the lungs having no connexion with the

mouth, fucking muft be performed by fome aCtion of the

mouth itfelf, and by its having the power of expanfion.

E X P L A-
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EXPLANATION OF THE PLATES.

PLATE XVI.

This fifh is called a Grampus : it was caught in the mouth

of the river Thames, ill the year 1759, and brought up to

Weftminfter Bridge in a barge. It was twenty-four feet long.

PLATE XVII.

Another fpecies of Grampus, which was caught in the rivet

Thames, fifteen years ago. It was eighteen feet long.

plate xvur.

Fig. 1. A fpecies of Bottle-nofe Whale; the Delphinus

Delphis of Linnaeus. It was caught upon the fea-coaft, near

Berkeley, where it had been feen for feveral days* following its

mother, and was taken along with the old one, and fent up to*

me whole, for examination, by Mr. Jenner, Surgeon, at

Berkeley. The old one was eleven feet long.

Fig. 2. The head of the fame Whale as fig. 1. to fihew the

fhape of the blow-hole, which is tranfverfe, and almoil femi-

circular.

PLATE XIX.

The Bottle-nofe Whale defcribed by Dale. It is fimilar to

that of Plate XVIII. in its general form, but has only two

fmall pointed teeth in the fore part of the upper jaw, and is

rather lighter coloured on the belly. It was caught above

Vol. LXXVII. R r r London
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London Bridge in the year 1783, and became the property of

the late Mr. Alderman Pugh, who very politely allowed me

to examine its flru&ure, and to take away the bones. It was

twenty-one feet long.

PLATE XX.

Fig. 1. The Balaena Roftrataof Fabricius, or Piked Whale.

It wras caught upon the Dogger Bank. It had met with fome

accident between the two lower jaws under the tongue, in

which part a confiderable collection of air had taken place, fo

as to raife up the tongue and its attachments into a round body

in the mouth, projecting even beyond the jaws. This ren-

dered the head l'pecifically lighter than the water, fo that it

could not fink, and therefore was eafily caught.

It was feventeen feet long, and was brought to St. George’s

Fields, where I purchafed it. The dorfal fin having been cut

off clofe to the back, is therefore only marked by a dotted line.

Fig. 2. A view of the tail, to fhew its breadth.

PLATE XXI.

Includes the external, parts of generation, with the relative

fituation of the anus and the nipples, of the Balaena Roftrata.

Fig. 1. The labia pudendi fpread open, expofing the meatus

urinarius, vagina, and anus, which in a natural fiate are all

concealed, there only appearing a long flit, the two edges of

which are in contaCl.

AA. The labia pudendi.

B. The clitoris.

C. The meatus urinarius.

D. The
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D. The opening of the vagina.

E. The anus.

Fig. 2. The fulcus, in which the left nipple lies, fpread open,

and the nipple itfelf expofed to view.

Fig. 3. The lulcus of the right nipple, in a natural Fate,

only appearing like a line.

Fig. 4. A lulcus near to the nipple, which is fpread open to

fliew the infide. This fulcus, I conceive, gives a freedom to

the motion of the Ikin of thefe parts, fo as to allow the nipple

to he more freely expofed.

Fig. 5. The fame fulcus on the oppofite fide, clofed up.

PLATE XXII.

A fide view of one of the plates of whalebone of the Ba-

laena Roftrata.

A. The part of the plate which projects beyond the gum.

B. The portion which is funk into the gum.

CC. A white fubftance, which furrounds the whalebone,

forming there a projecting bead, and alfo pafling between the

plates, to form their external lamellae.

DD. The part analogous to the gum.

E. A flefby fubftance, covering thejaw bone, and on which

the innerftamella of the plate is formed.

F. The termination of the plate of whalebone in a kind of

hair.

PLATE XXIII.

Fig. .. A perpendicular feCtion of feveral plates of whale-

bone in their natural iituation in the gum ; their inner edges,

or fhorteft terminations, are removed, and the cut edges of the

plates feen from the infide of the mouth.

R r r 2 The
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The upper part fhews the rough furface formed by the hairy

termination of each plate of whalebone.

The middle part fhews the diftance the plates of whalebone

are from each other.

The lower part fhews the white fubftance in which they

grow, and alfo the bafis on which they fhmd.

Fig. 2. An outline confiderably magnified, to fhew the mode

of growth of the plates, and of the white intermediate fubftance.

A. The middle layer of the plate, which is formed upon a

pulp or cone that pafles up in the centre of the plate. The
termination of this layer forms the hair.

B. One of the outer layers, which grows, or is formed, from,

the intermediate white fubftance.

CCCC. The intermediate white fubftance, laminae of which

are continued along the middle layer, and form the fubftance of

the plate of whalebone.

D. The outline of another plate of whalebone.

E. Tlie bafis on which the plates are formed, which adheres

to the jaw bone.
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XXXIX. Some Obfervations on ancient Ms, with the Propofol of

a nezv Method of recovering the Legibility of decayed IVri- *

tings. By Charles Blagden, M. D. Sec. R. S. and F.A. S.

Read June 28, 1787.

JNa converfatlon fome time ago with my friend Thomas
jL Astle, Efq. F. R. S. and A. S. relative to the legibility of

ancient MSS. a queftion arofe, whether the inks in ufe

eight or ten centuries ago, and which are often found to

have preferved their colour remarkably well, were made of

different materials from thofe employed in later times, of

which many are already become fo pale as fcarcely to be

read. With a view to the decifion of this queftion, Mr.

Astle obligingly furnifhed me with feveral MSS. on parch-

ment and vellum, from the ninth to the fifteenth centuries in-

cluftvely ; fome of which were ftill very black, and others of

different fhades of colour, from a deep yellowifh brown to a

very pale yellow, in fome parts lo faint as to be fcarcely viftble.

On all of thefe I made experiments with the chemical re-agents

which appeared to me beft adapted to the purpofe; namely,

alkalies both ftmple and phlogifticated, the mineral acids, and

infufion of galls.

It would be tedious and fuperfluous to enter into a de-

tail of the particular experiments : as all of them, one in-

Itance • only excepted, agreed in the general refult, to (hew,

that the ink employed anciently, as far as the above-mentioned

c MSS.
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MSS. extended, was of the fame nature as the prefent : for

the letters turned of a reddifh oryellowilh brown with alkalies,

became pale, and were at length obliterated, with the dilute

mineral acids, and the drop of acid liquor which had extradled

a letter, changed to a deep blue or green on the addition of a

drop of phlogifticated alkali ; moreover, the letters acquired a

deeper tinge with the infufion of galls, in fome cafes more, in

others lefs. Hence it is evident, that one of the ingredients

was iron, which there is no realon to doubt was joined with

the vitriolic acid ; and the colour of the more perfect MSS.

which in fome was a deep black, and in others a purplifii black,

together with the reftitution of that colour, in thofe which

had loft it, by the infufion of galls, fufficiently proved that ano-

ther of the ingredients was aftringent matter, which from

hiftory appears to have been that of galls. No trace of a

black pigment of any fort was difcovered, the drop of acid,

which had completely extradted a letter, appearing of an uni-

form pale ferrugineous colour, without an atom of black pow-

der, or other extraneous matter, floating in it.

As to the greater durability of the more ancient inks, it

feemed, from what occurred to me in thefe experiments, to

depend very much on a better preparation of the material upon

which the writing was made, namely, the parchment or vel-

lum ; the blacked: letters being generally thofe which had funk

into it the deepeft. Some degree of effervefcence was com-

monly to be perceived when the acids came in contact with the

furfaceof thefe old vellums. I was led, however, tofufpedl, that

the ancient inks contained a rather lefs proportion of iron than

the more modern ; for in general the tinge of colour, produced

by the phlogifticated alkali in the acid laid upon them, feemed

lefs deep; which, however, might depend in part upon the

6 length
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length of time they had been kept : and perhaps more gum
was ufed in them, or poffibly they were walked over with fome

kind of varnifh, though not fuch as gave any glofs.

One of the fpecimens lent me by Mr. Astle proved very

different from the reft. It was faid to be a MS. of the fifteenth

century; and the letters were thofe of a full ennrofiin^ hand,

angular, without any fine ifrokes, broad, and very black. On
this none of the above-mentioned re-agents produced an}- con-

fiderable effect ; molt of them rather feemed to make the let-

ters blacker, probably by cleaning the furface ; and the acids,

after having been rubbed ffrongly upon the letters, did not

If like any deeper tinge with the phlogifticated alkali. Nothing-

had a fenfible effeft toward obliterating thefe letters but what

took off part of the furface of the vellum ; when fmall rolls, as

of a dirty matter, were to be perceived. It is therefore un-

queftionable, that no iron was ufed in this ink ; and from

its refiftance to the chemical lolvents, as well as a certain

clotted appearance in the letters when examined clofely, and

in fome places a flight degree of glofs, 1 have little doubt but

they were formed with a compofition of a black footy or car-

bonaceous powder and oil, probably fomething like our prefent

Printer’s ink, and am not without fufpicion that they were

actually printed *.

Whilff I was confidering of the experiments to be made, in

order to afeertain the compofition of ancient inks, it occurred

to me, that perhaps one of the beft methods of refforing legi-

bility to decayed writing might be, to join phlogifficated alkali

with the remaining calx of iron ; becaufe, as the quantity of pre-

* A fubfequent examination of a larger portion of this fuppofed MS. has

/hewn, that it is really part of a very ancient printed book.

cipitate



454 Dr. Blagden’s Obfervations on

cipitate formed by thefe two fubftances very much exceeds that

of the iron alone, the bulk of colouring matter would thereby

be greatly augmented. M. Bergman was of opinion, that the

blue precipitate contains only between a fifth and a fixth part of

its weight of iron ; and though fubfequent experiments * tend

to fihew that, in fome cafes at leaft, the proportion of iron is

much greater, yet upon the whole it is certainly true, that if

the iron left by the flroke of a pen were joined to the colouring

matter of phlogifticated alkali, the quantity of.’Pruffian blue thence

refulting would be much greater than the quantity of black mat-

ter originally contained in the ink depofited by the pen ; though

perhaps the body of colour might not be equally augmented.

To bring this idea to the teft, I made a few experiments as

follows.

The phlogifticated alkali was rubbed upon the bare writing,

in different quantities ; but in general with little effect. In a

few in fiances, however, it gave a bluifh tinge to the letters,

and increafed their infenfity, probably where fomething of an

acid nature had contributed to the diminution of their colour.

Reflecting that when the phlogifticated alkali forms its blue

precipitate with iron, the metal is ufually firft diflolved in an acid,

I was next induced to try the effeCt of adding a dilute mineral

acid to writing, befides the alkali. This anfwered fully to my
expectations ; the letters changing very fpeedily to a deep blue

colour, of great beauty and intenfity. It feems of little confe-

quence as to the ftrength of colour obtained, whether the wri-

ting be firft wetted with the acid, and then the phlogifticated alkali

be touched upon it, or whether the procefs be inverted, begin-

ning with the alkali; but on another account, I think, the

* Crell Beytrage, B. I. ft. i. p. 42, &c.

latter
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latter way preferable. For the principal inconvenience which

occurs in the propofed method of reftoring MSS. is, that the

colour frequently Ipreads, and fo much blots the parchment,

as to detract greatly from the legibility
; now this appears to

happen in a lefs degree when the alkali is put on firh, and the

dilute acid is added upon it. The method 1 have hitherto

found to anfwer beft has been, to fpread the alkali thin with

a feather over the traces of the letters, and then to touch it

gently, as nearly upon or over the letters as can be done, with

the diluted acid, by means of a feather, or a bit of hick cut

to a blunt point. Though the alkali has occalioned no fenfible

change of colour, yet the moment that the acid comes upon

it, every trace of a letter turns at once to a fine blue*,

which foon acquires its full intenfity, and is beyond compari-

fon ftronger than the colour of the original trace had been.

If now the corner of a bit of blotting paper be carefully and

dexteroufly applied near the letters, fo as to fuck up the

fuperfluous liquor, the ftaining of the parchment may be in

great meafure avoided: for it is this -fuperfluous liquor, which,

abforbing part of the colouring matter from the letters, be-

comes a dye to whatever it touches. Care mufl be taken not

* The phlogijlicated alkali (which is to be conftdered Amply as a name) appears

to confift of a peculiar acid, in the prefent extenlive acceptation of that term,

joined to the alkali. Now the theory of the above-mentioned procefs I take to

be, that the mineral acid, by its ftronger attraction for the alkali, diflodges the

colouring (Pruflian) acid, which then immediately feizes on the calx of iron, and

converts it into Pruftian blue, without moving it from its place. But if the

mineral acid be put upon the writing firft, the calx of iron is partly diflblvedand

diffufed by that liquor before the Pruflian acid combines with it ;
whence the

edpes of the letters are rendered more indiftintt, and the parchment is more

tinged. The fudden evolution of fo aline colour, upon the mere traces of letters,

affords an amufirig fpe&acle.

Vol. LXXVII. S f f to
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to bring the blotting paper in contafl with the letters, becaufe

the colouring matter is foft whilft wet, and may eafily be rubbed

off.

The acid I have chiefly employed has been the marine ; but

both the vitriolic and nitrous fucceed very well. They fhould

undoubtedly be fo far diluted as not to be in danger of cor-

roding the parchment, after which the degree of ftrength does

not feem to be a matter of much nicety.

The method now commonly pra&ifed to reftore old writings,

is by wetting them with an infufion of galls in white wine *.

This certainly has a great effe£l; but it is fubje£l, in fome degree,

to the fame inconvenience as the phlogifticated alkali, of flam-

ing the fubflance on which the writing was made. Perhaps if,

inflead of galls themfelves, the peculiar acid or other matter

which flrikes the black with iron were feparated from the

fimple aflringent matter, for which purpofe two different pro-

ceffes are given by Piepenbring + and by Scheele
J, this

inconvenience might be avoided. It is not improbable like-

wife, that a phlogifticated alkali might be prepared, better

fuited to this objefl than the common ; as by rendering it

as free as poftible from iron, diluting it to a certain degree,

or fubftituting the volatile alkali for the fixed. Experiment

would moft likely point out many other means of improv-

ing the procefs defcribed above ; but in its prefent ftate I

* See a complicated procefs for the preparation of fuch a liquor in Canepa-

aius, De Atramentis, p. 277.

f Crell. Annal. 1786, B.I. p. 51.

I Kongl. Vetenfk Acad* Nya Handlingar, tom. VII. p. 30. See alfo M.
de Morveau’s account of this fubflance in the Encyclopedic par ordre des

matieres.

I hope
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hope it may be of fome ufe, as it not only brings out a prodi-

gious body of colour upon letters which were before fo pale as

to be almoft invifible, but has the further advantages over the

infulion of galls, that it produces its effect immediately, and

can be confined to thofe letters only for which i'uch affifiance

is wanted.

S f f 2
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and Weight, by J. Whitehurft. Lon-

don, 1787 4°

Memoire fur la Culture, PUfage, et les

Avan tapes de la Racine d’Abondanceo
011 de Difette, par PAbbe de Com-
merell. Laufanne, 1786. 8°

Della Morte apparente degli Annegati.

Firenze, 1780. 8
3

A. J. Tefta de re Medica et. Chirurgica,

,

Epiftolae VII. Ferrari^, 1781. 8’

26. Kongl. Vetenlkaps Academiens nya

Handlingar. 2d Quarter of Tom.
VII. for 1786. 8°

Premiere Continuation des Experiences

faites par le rnoyen de la Machine

Electrique Teylerienne, par M. van

Marum. Harlem, 1787* 4*

May IO. Memoirs of the Medical Society of

London, inftituted in the Year 1773.

Vol. I. London, 1787. 8
3

Pefanteur fpecifique des Corps, par M.
Briffon. Paris, 1787. 4

0

Connoiffance des Temps, pour l’annee

1789. Paris, 1786. 8°

Memoire fur la Culture de certaines

Malvacees, par A. J. Cavanilles. 4
0

Vol. LXXVIL t t t

Donor*.

Mr. Philip Hurlock, F.R.S.

Profeflor Toaldo of Padui,

Cavaliere Lorgna.

Abbe Cavanilles.

M. Lhuilier.

John Ingen-houfz, M. D.
F.R.S.

Mr. Cavallo, F.R.S.

Mr. Whitehurft, F.R.S.

Jonathan Watfon, Efq. F.R.S.

Profefior Tefta of Ferrara.

The Royal Academy of Sci-

ences of Stockholm.

Martin van Marum, M.D.

The Medical Society of Lon-

don.

M. Brifton.

M. Mechain.

Abbe Cavanilles.

May
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Donors.Prefents.

1787.
May 10. Extrait des Ouvrages de M. l’Abbe Ca-

vanilles. 4
0

17. A general Synopfis of Birds, with a

Supplement. 7 Vol. London, 1781—
1787.

^

4°

Introduction a l’Etude de l’Aftronomie

Phyfique, par M. Coufin. Paris,

1787. 4°

24. The Works of John Jebb, M.D.F.R.S.

3 Vol. London, 1787. 8°

The one great Argument for the Truth

of Chriftianity from a Angle Pro-

phecy, evinced in a new Explanation

of the Seventh Chapter of Ifaiah.

Yarmouth, 1787. 8°

June 7. Memoires de PAcademie Royale des Sci-

ences, Annee 1784. Paris, 1787. 4
0

Rapport des Commiffaires charges par

PAcademie de PExamcn du Projet

d’un nouvel Hotel-Dieu. Paris, 178(3.

4
°

Obfervations fur les Obftacles qui s’op-

pofent aux Progres de l’Anatomie,

par M. Tenon. Paris, 1785. 4
0

Idees furla Meteorologie, par J. A. De
Luc, Tome II. Londres, 1787. 8

3

The Elevation, Section, Plan, and Views

of a Triple Veflel and of Wheels, by

P. Miller. Edinburgh, 1787. fol.

14. Medical Remarks on natural, fponta-

neous, and artificial Evacuation, by

J. Anderl'on. London, 1787. 8°

21. Tableau des Varietes de la Vie Hu-
maine, par M. G. Daignan. Paris,

1786. 2 Vol. 8°

28. Meterological Journal kept at Odiham,
in Hampfhire, from April r, 1786,
to April 1, 1787, by A. Baxter, MS.

fol.

Meteorological Journal kept at Ben-

coolen, from Sept. 1. to Nov. 30,

1784, by John Macdonald, MS. 4
0

Abbe Cavanille9.

Mr. Latham, F.R.S,

M. Coufin.

Thomas Brand Hollis, Efq..

F.R.S.

The Rev. Samuel Cooper,

D.D.

The Royal Academy of Sci-

ences of Paris.

M. Tenon.

M. De Luc, F.R.S.

Patrick Miller, Efq.

John Anderfon, M.D.

M. Daignan.

Alexander Baxter, Efq*

A

Capt. Macdonald.
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A P P END I X.

A Supplement to Major-General Roy’s Account of the Mode pro-

pofed to pefollowed in determining the relative Situation of the

Royal Obfervatories of Greenwich and Paris. See p. 188.

Read Nov. 8, 1787.

I
N the account of the propofed trigonometrical opera-

tion for determining the difference between the meri-

dians of the Royal Obfervatories of Greenwich and Paris,

I have, at p. 221. and 222. had occafion to remark on an

inconfidency found in the fum of the three equations, as

Rated by M. Bouguer, for obtaining the lengths of de-

grees of great circles perpendicular to the meridian, above

their correlponding degrees of latitude, without having been

aware of the true fource of the error, for which I am in-

debted to the inveftigations of the Aftronomer Royal ; who,

having found it out, obligingly communicated the fame to

me, about the time of the annual recefs of the Society in

the end of June lad.

At p. 289. and again at p. 313. and 314. of M. Bou-

guer’s Book, the fubtraclive branch of the equation, or the

part of DG the gravicentric arc, anfwering to the difference

between the radii of curvature at the equator and given lati-

tude, has erroneoufly been expreffed in words fths inftead of

.fths, which the algebraic formula juftly gives for it, and ac-

. cording to which M. Bouguer’s table has been accurately

computed. Not fufpedting any thing of this fort, no intima-

T t t 2 tion
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tion of it appearing among the errata
,
and no notice having-

been hitherto taken, as far as I know, of fuch a miftake

exifting in that juftly celebrated work, now fo many years in

circulation throughout the world ;
inftead therefore of -fLths,

or ^
s-°

0-
parts of the third proportional, the laid additive mem-

ber of the equation, I fubftituted another (with a certain

modification, however, as ftated in the before-mentioned pages)

amounting only to T
8

T°- parts of the third proportional, being

the higheft that would apply to the whole quadrant, without

producing abfurd refults. Thus I obtained approximate de-

grees of great circles and of longitude, differing but little

from thofe of 3V1. Bouguer, and compenfating in a great

meafure, although not altogether, for the then undifcovered

caufe of the miftake of -^th part of the arc DG; for *. — | = T
x-.

In this ftate of the cafe, I have judged it incumbent on me
to annex a fupplementary table, where the degrees of great

circles and of longitude are accurately computed by the cor-

redted fubtradtive branch i ths of DG inftead of f ths, as it now
Hands in the original table. From infpedtion it will appear,

that the maximum of correction amounts nearly to 5! fathoms

at the poth degree of latitude, diminiftung gradually from

thence to the pole on one fide, and the equator on the other,

where it vanifhes. The maximum of corredtion for the degrees

of longitude, amounting to about 2f fathoms, is applicable

between the 58th and 59th degree of latitude, where M.
Bo uguer’s degree of the meridian becomes equal to his degree of

longitude on the equator. From this point, it diminifhes

gradually to the pole on one fide, and the equator on the other,

where it in like manner difappears.

With regard to degrees of great circles fituated obliquely to

the meridian, it is fufficiently obvious, that they are fo little

afifedted as to render it of but fmall importance whether they

7 are
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are corrected or not ; but for fnch ns are fcrupulous to fractional

parts of fathoms, thefe may fatisfy themfelves with great

facility and exactnefs, by attending to and proportioning by

the common tabular differences, as in the following example

of the application of the correction to oblique degrees, in the

latitude of Greenwich 51
0 28" .

Obliquity,

Original

tabular

difference.

Supp.

correc-

tion.

Corrected

difference.

Corrected

degree.

r

Application of the

correction to the

degrees of great

circles, fituated

obliquely to the
s

meridian, in the

latitude of Green-

wich.

0 y

45 0

33 45 1

‘ 5 /

22 20 1

67 30 j

11 r 5 1

78 45 J

0 0
1

90 0/

Fath.

204.45

78.24

66.33

44 * 3 2

x 5-56

Fath.

- 1.65

-0.63

- 0.54

-0.36

— 0.12

Fath.

4- 202.80

{+ }
”-61

{+ }
65 '79

{ 4 }
43 - 96

{;} . 5-44

Fath.

6 1070.20

f 60992.63
1 61 147.85

J 60926.84
L 61213.64
f 60882.88

1 61257.60

j
60867.44

[ 61273.04

Here it is to obferved, that half of the correction is con-

ftantly to be applied at the 45th degree of obliquity; and fince

the differences between the terms in the progreflion equally-

removed on either tide from 45
0
, are always equal to each other,

it follows, that the corrected differences are to be applied with

the contrary lign, thole between 45
0 and the meridian being in

diminution, and thefe between 45
0 and the eaft or weft points

being in augmentation of the length, till, in the firft cafe,

the degree becomes equal to that of latitude ; and in the laft

to that of a great circle perpendicular to the meridian.

The Table of Companion, p. 227. is no where affeCled by

the alteration which has been the fubjeCt of this dilcuffion,

except in the two laft lines from the bottom, as adverted to

among the errata fubjoined to this fupplement.

This intimation of M. Bouguer’s miftake in exprefiing his

formula in words, was accompanied with the converfion of

that



463

that formula by Dr. Maskelyne into the following, adapted

, r a x 1 1 + 8 x cof. 2 lat— ? cof. 4 lat. • , r
to natural lines, — - 1 a is the excels

3°

of the radius of curvature at the pole above that at the equa-

tor, and the fign of either term is only to be changed when

the doubled or quadrupled latitude become greater than 90°,

and lefs than 270°.

I embrace this opportunity of mentioning another circum-

ftance, wholly unknown to me at the time my Paper was com-

pofed, From what has been there faid, at p. 216. and fo on to p.

220. it will probably be inferred, that I confidered thepropofed

mode of determining the differences of longitude by theobferva-

tions of the pole ftar, made with a very accurate inftrument,

rather as new, not knowing that the fame idea, or one nearly the

fame, had before occurred to the Rev. Mr. Michell, and been

treated on by him in his very ingenious Paper in the Philolo-

phical Tranfaftions, Vol. LVI. for the year 1760. That I

muff have read that valuable performance about the time of

its publication is not to be doubted ; but in the lapfe of fo

many years, every trace of it had gone from my remembrance,

otherwife I would have mold certainly referred to it in the

proper place, and with the attention that it fo well deferves.

However, without entering here into particulars, it will obvioufly

appear, that the one has not been borrowed from the other.ERRATA.
In p. 195* 1 * 2 7 * for betvveen\Sravelines and Calais read between Wattcn and

Graveiines. And in 1 . 28. for 56 42' o" read 46° 52' o".

In p. 197. in the diftance of the parallel of Rodes from that of Dunkirk, for

6* So' 51" 14'" read 6° 40' 51" 14'".

In the laft line of the note at the bottom of p. 217. inftead of i° 40' 8". 8,
read i° 49' 48". 8.

in p. 221. line 6. from the top, inftead of T\ths, read TVths.

In the Table of Comparifon, p. 227. the lail line but one of the laft: column
but one, for 44373.5 read 44372.0. In the next line below, for 38164.0, as for-

merly corredted, read 38162.0. And in the right-hand column, laft line but
one from the bottom, for 4 19. 1, read + 17.6.



Supplementary Table for the Degrees of the Earth.

Places.

Equator

S. of France

Paris

Latitudes.

o O O

5 - ~

io - —

*5 “ -

20 -

25 -
30 -

35 ~
40 -

4 1
-

42 -

43 "

43 32

44 ~

45 “
46 -

47 “
48 -

48 50 14

49 "

5° "

Sum of the

3 equat

fths of

DG being

l'ubtrac

tive.

Supple-

mentary

correction

_
for deg.

of great

circles.

545 -* 2

547.081

552-595

55 8 -739
<565.8 1

1

5^7-715
562.156

546 285

518.144

5 i0-955

503-235
494.946
490.392
486.244

476.984
467.216

456.972
446.252

436 -936

435.084
423.4S8

Degrees of great

circles perpendicular

to the meridian cor-

rected.

± 0.00

4-0.07

4-0.82
— 0.90
— 0.70
— 0.83

-0.99
-x.25
— i -73

Supple-

mentary

correction

for deg.

of long.

Diff.

2.02
61029.62 .

!?

I03
o-
64

} 6.38
6io 3 8,

° 2
} 9.80

61 °47,8 * 16.48
61064.30

{

4

61084. 82 { 21-
'^2

61 1 10.54
| 00^83

61 141.42 1 J

61 1 77- 1 3
} 35-71

5°

5°
5
io

50 is
50 20

' 25 -

50 30

5° 35

5° 40 -

5° 45

5° 50
50 55

5
1 o

422.504
421.508

420.523

4 I 9-534
418.526

4 I 7 -53 I

4.16.528

4 > 5-524

414 -5*5
413.500
41 2.491

411.477

-1.78

-1.90

•2.07

-2.11

-2.16

.2.30

-2.42

-2.58
- 2.75
-2.83

-2.85
" 3-°3

-3.06

3.06

3-°7
'

3 - 11

3-13
- 3-*4
" 3- *5
-3.16

-3.20

-3.21

- 3 -21

-3.22

)
61 184.81 1

61192.64 {
61200.57

j
61204.93

|
61208.74 {

61217.00

61225.39
61233.89
61242.49 ,

61249.77 {
61251.18 ‘

61259.96 }

7.68

7-83

7

-

93
4 - 36

3 - 8 i

8.26

8

-

39
8.50
8.60

7.28

1.41

8.78

61260.69
61261.43
61262.16

61262.90
61263.64
61264.37
61265.1

1

61265.84
61266.59
61267.32
61268.06
61268.80

j
o-73

}

}

}

}

}

}

}

}

}

}

}

0.74
o-73
0.74
0.74
o-73
o-74

0.73
o-75
o-73
0.74

0.74

0.00

+ 0.04

+ 0.86

-0.85
— 0.67

-0.74
— 0.86
— 1.02

-i -33

1-34

1.40

*• 5 *

*•53

1-54
1.66

-1.67

• i -77
- 1.83
- 1.87

-1.87

-1.94

1.97
• 1 -97
1 95

• 1.99

1.99
-2.01

-2.02

-2.02

-2.03

- 2.04
-2.02

- 2.01

Degrees of longitude

corrected.

< Diff.

sSs!:”> a8»^
46864.41 > 32 * 9-70

[ 687.63

4OS64.41 j

[ 687.63
46176.78 1 o

45475-00
701.78

44759-26 >

44371-97
{

3 7

§
44029.89

|

3 +--

43286.92 > 74-97

42530-74
{

75 -

4176140
1 782I7

4.0979.23
|

7
;

7

40314.64 > ° J59
4°* 8 4-39

| 807.24
39377-*5 {

‘ 4

67.83
39377-15

\

7 4

67.83

39309 32
} 67.90

3924142
> 68.60

3917342
} 68.09

39 * 05-33
| 68.14

39037,19 ( 68.26

38900^60
1

68,33

»9 SS
3X$\ 68f
38626.46 > 68.65

38557-7* * ,75

Places.

Greenwich

Lapland

Pole

Latitudes.

Sum of the

3 equat.

yths of

DG being

fubtrac-

tive^

Supple-

mentary

:orreCtion c

for deg. t

of great r

circles.

O / //

51 OO 4 * 1-477 -3.22

5 * 5 “ 410.459 -3.22

5 * 10 “ 409-437 “ 3-25

5 * *5 - 408.408 - 3-29

51 20 - 407.387 - 3-29

5* 25 - 406-357 -
3 -3°

5* 28 40 405.601 -
3 - 3°

5 * 30 - 405.320 —
3 - 3 *

5 * 35 “ 404.291 -
3 - 3 2

5 * 40 - 403-253 - 3-32

5 * 45 ~ 402.213 - 3-37

5 * 5°
" 401.168 - 3-37

5 * 55 " 400.128 - 3-38

52 0 0 399 080 -3.40

53 ~ ~ 386.325 - 3-35

54 - - 373-232 - 3-73

55 - - 359 - 85 * -3.90
56 - - 346.187 - 4-07

57 - - 332.301 -4-23
58 - - 318.213 - 4-39

58 42 47.4 308.075 - 4 -5 *

59 - - 303 963 - 4-55
60 - - 289.569 -4.69

65 - - 217.320 -528
66 20 - 198.361 - 5-39

70 - - 148.229 - 5-47

75 - " 87.821 -4.89
80 - - 41.569 — 3.8 *

85 - - 10.309 — 2.16

OOO_ON 0.000 rpO.OO

Degrees of great Supple-

mentary

correction

for deg.

of long.

61268.80 ,

61269.54*
61270.28 {

61271.02 {

61271.76
|

61272.50 -

61273.04 *

61273.24 {

61273.98 {

61274-72 *

61275.46
jor f61276.21

61276.95
61277.69

61286.63

61295.58
61304-55
6 *.3 * 3-52
OI322.4O J

61331.37 *

61337.70
61340.23
61349.03

Diff.

0.74
0-74

0-74

0-74

0.74
o-54
0.20
o-74

0.74
o-74

o-75

0.74

0.74

8.94

8-95

8.97

8.97

8.94
8.91

6-33
2 -53
8.80

61487.46
61501.44
61506.60

} 42.39
61391-42

j 10.69

— 2-01

— 2.02

-2.03
— 2.06
— 2.07
— 2.O9
— 2.O4
— 2.O9

— 2.O7

— 2.O7
— 2.06
— 2.08

— 2. II

— 2.O9

Degrees of longitude

corrected.

Diff.

-2.13
— 2.20
— 2.24
— 2.27

-2.30
“ 2-33
-2.35
- 2-35

-2.34

} * 3 -98

} 5-*6

— 2.22
— 2.16

-1.87
— 1.27

-0.74
— 0.20
=po.oo

38557-7*1 (.0 o„
38488.88 {

?°- 8 3

38419.97 > 68,9 *

38350.97 |
69.00

38281.90 1
9-°7

38212.73
1

9-*7

38161.96 {
3 -77

38143.48 \
*
848

38074.17 | ^
9 - 3 *

38004.76 \
69 -4 *

37935.28 {
9-48

37865-69
\

9 '59

37796.01 {
69,68

37726.31
|

69,70

f 843.09
36883.22 _

36028.63 j o^4
’39

35162.84
|

865-79

34286.09} 76.75

33398 - 6 i
{

88748

32500.67 \
97,94

3*854-07
1

4
;

°

3 * 592-55
{ „ o°

30674.52} 918,03

[4729-38
25945-*4

{
24647,73

} 3637^21010. iq 0/0^
y > 5102.6a.

N. B. The degree of the meridian, whofe center anfwers to the latitude of 43° 32', is in length

60714.34 fathoms.

U u u



I

- *
I



[ 47 * ]

Tranflation of Father Jofeph da Rovato’s Letter to the Royal

Society,, relative to Borax. See p. 301.

HE Father prefect of the Midion in Thibet has the

pleafure to acquaint the Royal Society, that, redding at

Patna, he has frequently been dedred by Ah Vogles, an able

naturalid from Germany, to obtain fome circumdantial account

of the places wheife, and the manner in which, the borax pro-

cured from the kingdom of Thibet is obtained ; no one elfe,

as he laid, having any communication with thofe almod im-

penetrable parts. Although our Million have long dnce for-

faken that kingdom, yet the Father prefect being fomewhat

connected with the Bahadur Shah
, brother to the King of

Nepal (whole kingdom extends northward, as far as Kuti on

the frontiers of Thibet), he wrote to him, and requeded all

the information that co aid be obtained on the fubjefr. The

Bahadur Shah, in order to give the bed fatisfadlion in his

power, was pleafed to fend to the prefect, as far as Patna, a

man in his fervice, who, being a native of the country where

the Borax is prepared, could give the mod; ample intelligence

concerning that fubdance.

This man, partly in fche Nepalefe and partly in the Hindoo lan-

guage, both which are underlfood by the prefect, gave the follow-

ing account. In the province or territory ofMarme, twenty-eight

daysjourney to the north of Nepal, and twenty-five to the Wed
X x x of
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of Laba, the capital of Thibet, there is a vale about eight miles

broad. In a part of this vale there are two villages or caftles,

the one named Scierugh , and the other Kang/e, the inhabitants

of which are wholly employed in digging the borax, which

they fell into Thibet and Nepal, they having no other means

of fubfiftence, the foil being fo barren as to produce nothing

but a few rubles. Near the two above-mentioned cables there

is a pool of a moderate frze, and fome fmaller ones, where the

ground is hollow, in which the rain-water collects. In thefe

pools, after the water has been fome time detained in them,

the borax is formed naturally : the men, wading into the water,

feel a kind of a pavement under their feet, which is a fure

indication that borax is there formed, and there they accord-

ingly dig it.

Where there is little water, the layer of borax is thin ; and

where it is deep, it is thicker, and over the latter there is

always an inch or two of foft mud, which is probably a depo-

iit of the water, after it has been agitated by rain or wind.

Thus is the borax produced merely by nature, without either

boiling or dibillation. The water in which it is formed is fo

bad, that the drinking a fmall quantity of it will occafion a

levelling of the abdomen, and in a fhort time death itfelf.

The earth that yields the borax is of a whitifh colour; and in

the fame valley,, about four miles from the pools, there are

mines of fait, which is there dug in great abundance for the

ufe of all the inhabitants of thefe mountains who live at a

dibance from the fea. The natives, who have no other fub-

fiflence on account of the fterility of the foil, pay nothing for

digging borax; but brangers miub pay a certain retribution,

and ufually agree at fo much a workman. This is paid to a

Lama, named Pema Tupkan
, who owns the pits in Marme.

Ten
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Ten days journey farther north, there is another valley

named 'Tapre
, where they dig borax, and another flill farther,

called Cioga ; but of this latter I have not marked the fixa-

tion. Borax is in the Hindoo and Nepalefe languages called

Soaga. If it be not purified, it will eaiily deliquefce; and in

order to preferve it any time, till they have an opportunity of

felling it, the people often mix it with earth and butter.

In the territory of Mungdnn
,
fixteen daysjourney to the north

of Nepal, there are rich mines of arfenic ; and in various other

places are found mines of fulphur, as alfo of gold and filver,

whofe produce is much purer than thofe of the mines of Pegu.

This is the fubftance of the information obtained from the

man fent by the Bahadur Shah. If the Gentlemen of the

Royal Society wifh to fee any of the foil which yields the

borax, it may be eafily obtained, fince the faid Bahadur Shah,

who now governs the whole of the province of Nepal, is well

difpofed towards the Father prefed, and will probably not re-

fufe him the favour of fending a trufly perfon to gather fome

of the foil, and to fend it down to Patna. The Father prefedt

will eafily find an opportunity of fending it thence to London.

This is what the Father prefed; takes the liberty to mention

to the Royal Society. He, moreover, tenders his own beft

fervices, and thofe of the other Italian Capuchins, his brethren

Miffionaries, if they could communicate any other ufeful in-

telligence ;
they being very defirous to prove their gratitude to

the Englifh nation, from whom they have received, and are

ever receiving, many and fingular benefits.

END of PART II. OF VOL. LXXVIL,
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PHILOSOPHICAL TRANSACTIONS.

A.

/iCID,
vitriolic, experiments of the aCUon of, on fieel and iron, p. 17. Expert-^ menis on the congelation of, p. 26;.

Air, depklogijlicatcd
,

experiments on the production of, from water with various

iubftances, p. 84. Effett of light on the production of, p. 91,

Air hepatic, fur les gas hepatiques, p.305.

Algebra
,
on finding .the values of algebraical quantities by converging feriefes and

demonftrating extending propofitions, p. 71. Demonllration of fome proportions of

Pappus, p. 75. Some improvements in, by Defcartes, Harriot, Sciioolen, Newton,

Campbell, and Maclaurin, p . Si.

Anatomy
,

difficulties of obtaining knowledge of the larger marine animals, p. 371.

Animal bodice, their power of refilling heat and cold, p. 31 1.

Arteries of Whales, p. 415.

Avrora borealis

,

efl'eCt of, on the magnetic needle, p. 24.

E.
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v B.

Baker, Henry
,
lcCture founded by him for magnetical experiments and obfervations,

p. 6.

Barker
, Thomas

,

AbflraCt of a Regifter of the Barometer, Thermometer, and Rain,

at Lyndon, in Rutland, in 1786, p. 368.

Baxter, Alexander, Defcriptiou of a Set of Halo’s and Parhelia feen in 1771, in

North America, p. 44.

Beddoes, Thomas, Experiments on the ProduClion of artifical Cold, p. 282.

Benjamin Tree of Sumatra, botanical defeription of, p. 307.

Bennct
,
Abraham, Defeription of a new Electrometer, p. 26. Appendix to the deferip*

tion, p. 32. Account of a Doubler of Electricity, p.288.

Bladder of Whales, p. 413.

Blagden, Charles, Obfervations on ancient Inks, with the Propofal of a new Method

of recovering the Legibility of decayed Writings, p.431.

Blane, William

,

fome Particulars relaiive to the Production of Borax, p. 297.

*— Dr. Gilbert
,
Account of five children born at a birth, p, 345,

Blood, on the circulation of, in Whales, p. 413. 413,

Blowhole in Whales, p. 420,

Bones of Whales and Porpoifes, obfervations on, p. 384.

Borax, on the production of, p. 297. Account of the places where, and manner in

which it is produced, Italian, p. 301. Englilh, p. 471.

Bouguer, M. excellency of his hypothecs, p. air. Table of the degrees of the earth

conttruCted on his hypothefis, p. 220, Obfervations on his method for obtaining the

lengths of degrees of great circles to the meridian, p. 46 5.

Bradley, Dr. proceedings for afeertaining the latitude of the Royal Obfervatory at

Greenwich, p. 153.

Brain of Whales, p. 423.

Brafs, on the magnetifm of, p. 6. Acquires magnetifm by being hammered, p. 7.

Britain Great

,

from Ealtnefs, in Suffolk, to the weftern parts of Kent, contains near 12

degrees of longitude, and from the Channel to the Orkney Iflands about 9 degrees of

latitude, p. 223.

Brydone, Patrick, Account of a Thunder-florm in Scotland, with fome meteorological

Obfervations, p. 61. Remarks on the account, by Charles Earl Stanhope, p. 130.

Bugge, Thomas

,

Determination of the Heliocentric Longitude of the defending Node

of Saturn, p, 37.

Yyy* C,
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c.

Campbell, on forae improvements in algebra, p. 81.

CapfuUe renales of Whales, p. 413.

Carttfms

,

improvements in algebra by him, p. 81.

CaJJini,
de Thuy, Memoire lur la jonCiion de Douvrcs it Londres, p. 1 5 1 . Remarks

on the memorial, p. 151.

Ca-vallo, Tiberius, Magnetical Experiments and Observations, p. 6.

Cbloraatbus ,
anew genus of plants, defcribed, p. 359.

Circles ,
Observations on M. Bouguer’s method for obtaining the length of great circles

perpendicular to the meridian, p. 465.

Cold
,

artificial, experiments on the production of, p. 282.

Comet ,
account of a new one, p. 1. Remarks on the new, p. 4. Observations on

Mils Herfchel’s comet, p. 55.

Conferva regularis, power of ex trailing air from water, p. 109.

Cotton
,
power of extracting air from water, p. 97.

D.

JDephlogifattd air, on the production of, from water with various fubftances, p. 84.

EffeCt of light on the production of, p. 91.

Dog, Jackal, and Wolf, observations tending to Ihew them to be of the fame Species,

p. 233. A litter of puppies from a Pomeranian bitch by a Wolf, p. 253. Method

of expreffing the paflions in, p. 259. On the barking of, p. 263. Experiment of

their refilling heat, p. 31 1.

Drefden

,

longitude of, from observation of the tranfit of Mercury, May 4, 1786, p,

47 *

Drynnder, Jonas ,
Botanical Defcription of the Benjamin Tree of Sumatra, p. 307.

E.

Earth, ftrata in finking a well at Bolton, Lincolnlhire, p. 50. Difference ofopinions on the

figure of, p. 201. Attempts to difeover the figure, by the ufe of pendulums, p. 203.

Earthquake, account of one, felt in the northern parts of England, p. 35. in

Scotland, July 19, 1785, p. 69.

EaJl~India Company, called upon to meafure two degrees of longitude on the Coalts of

Coromandel, p. 224,

Eider Down, power of drawing air from water, p. 96.

uleftricity, the death of James Lauder by an exploiion of thunder attempted to be

accounted for by the laws of electricity, p. 139. Account of a doubler of, p. 288.

Eieftrcmctcr, a new one defcribed, p. 26. Experiments with it, p. 27.' Appendix to

the defcription, p. 32.

Equatorial micrometer, improvements in, p. 318.

Equinoxes,

1
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Equinoxes, on the Preceffion of the, p. 363,

Eye of Whales, p. 437.

F.

Fat of animals, obfervations on the different fituationand fubilance of, p. 387.

Feeling, fenfe of, in Whale 1

?, p. 426.

Flannel, advantages of wearing fhirts of, p. 243.

Fordyce, George , Account of an experiment on heat, p. 310*

Fur of Hares, power of extracting air from Water, p. 97.

G.

Garthjbore, Maxwell, a remarkable Cafe of numerous Births, with Obfervations, p. 344.

Generation, effeCt on the extirpation of one of the ovaria, p. 233. Parts of, in Whales,

p. 441.

Georgian planet, account of the dilcovery of two fatellites revolving round it, p. 125.

Glafsfpun, power of extracting air from water, p. 113.

Greenwich

,

on the latitude and longitude of the Royal Obfervatory at Greenwich, p. 151-

At Paris, p. 168. The mode propoled for determining the telative fituatien of the

Obfervatories of Greenwich and Paris, p. 1S8. Supplement, p. 465.

H-

Hair, human, power of extracting air from water, p. 99,

Halley
,
Dr. errors in his tables, p. 38.

Halo's, feen in North America, 1771, p. 44.

Harriot, improvements in algebra by him, p. 87..

Hajfnfratz, M. fur les Gas Hepatiques, p. 305*.

Hearing
,
fenfe of, in Whales, p, 430.

Heart of Whales, p. 414.

Heat, an experiment on, p. 310.

Hepatic air, fur les gas hepatiqnes, p. 307.

Herfchel, Caroline, Account of a new Comet, p. r. Obfervations on Mifs Herfchel’*

comet, p. 55.. »

Herfchel, IVilliam,, Remarks on the new Comet, p. 4. Account of the Difcovery of

Two Satellites revolving round the Georgian planet, p. 125. Account of Three

Volcanos in the Moon, p. 2 29.

Horfcs, two killed by thunder, p. 62.

Hull, Mr. account of five children at a birth, p. 346.

Hunter
,
John, an Experiment to determine the EffeCt of extirpating one Ovarium on

the number of young produced, p. 233. Obfervations tending to fhew, that the

Wolf, Jackal, and Dog, are all of the fame Species, p. 253. Obfervations on the

Structure and Oeconomy of Whales, p. 371,

Jackal,.
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I.

Jackal, Wolf, and Dog, obfervations tending to (hew them to be of the fame fpecies,

p. 253.

Inks of the ancients, obfemtions on, p. 45 t. Method of recovering decayed wri-

tings, p. 451.

Intejlines of Whales, p. 409.

K.

Keir, James,
Experiments on the Congelation of the Vitriolic Acid, p. 267

Kidnies of Whales, p. 412.

Kohler, Oblervations on the Tranfit of Mercury, May 4,-1786, p. 47.

L.
\

l^imb killed fuddenly, p. 67.

Lande
,
M. de la, errors in his tables, p. 38.

Larynx of Whales, p. 416.

Lauder, James
,
killed by thunder, p. 62.

Light
,

effeCt of, in the production of dephlogifticated air, p* gr.

Limbird, James ,
Strata of earth obfcrved in finking for Water at Bolton, Lincolnlhire*

p.50.

Linen , ravelings of, power of extracting air from water, p. 98.

Liver of Whales, p. 410.

Logarithms
,
the principles and illuftration of an advantageous method of arranging

the difference of logarithms on lines graduated for the ptupofe of computation,

p. 246.

Longitude of Drefden, from obfervations on the tranfit of Mercury, May 4, 7786,

p. 47. On the differences of, p. 212. Correction of the method for determinng

the longitude by the pole ftar, p. 468*

Lungs of Whales, p. 418.

M.

Maclaurin, on fome improvements in algebra by him, p. Sr.

Magnetfm, experiments and obfervations, p. 6. Needle fufpended to a chain of hair,

a good way of trying the magnetifin of bodies, p. 6. Of bodies belt tried on a fur-

face of quickfdver, p. 7. Directions for making experiments, p. 10. EfFeCt of, on

heated iron and Iteel, p. 12. Iron and Iteel lofe fome degree of llrength by being

heated, p. 15. EffeCt by decompofing the iron, p. 16. Obfervations on the variation

oi the needle, p. 22, EffeCt of the’aurora borealis on magnets, p. 24.

Manufcripts,
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Manufcripts

,

method of recovering the legibility of, p. 431.

Majkelyne
,

Airvi/, concerning the latitude and longitude of the Royal Obfenatory at

Greenwich, with remarks on a memorial of the late M. Caffini de Thury, p. 131.

Mercury
,

obfervation on the tranfit, May 4, 1786, at Drefden, p. 47. At St.

Peter/burg, p. 48. Obfervation of the right afcenfion and decimation of Mercury
out of the mer.dian, near his greateft elongation, Sept. 1786, p. 318.

Meridian, difference of, between Gieenwich and Paris, p. 180.

Meteorological obfervations in Scotland, p. 61 Obfervations in 1786, p. 369.
Mcrometer, Equatorial, Improvements in, by Mr. Smea on, p. 318.

Midwi/ry, remarkable cate of five ch ldren at one birth, p. 343. Proportion of twins

to fingle births, p. 350. Inltances of nume:ous births, p. 353.

Moijlure, on the quantity abforbed from the atmo'phcre by various fubftances under
fimilar circumihpices, p. 240.

Moon, three volcanos in, p. 229. Obfervation on the Corona obferved round it, p, 370.
More, Samuel, Account of an Earthquake felt in the Northern Parts of England,
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Mules

,

on their producing young, p. 233,

N.

Newton, Sir Ifaac

,

on fome improvement in algebra by him, p. 8t.

Nlcbol/ou , William, the Principles and Illuftration of an advantageous Method of

arranging the Difference of Logaritnms on Lines graduated for the Purpofe of Com-
putation, p. 246.

O.

Oil of Whales, observations on, p.391.

Ovarium, on the effed of extirpating one ovarium upon the number of young pro-

duced, p. 233.

V,

Pappus, demonftration of propofitions given by him, p. 73,

Parhelia
,

feen in North America, 1771, p. 44..

Paris, enquiry into the latitude of the Royal Obfervatory, p. 168. The mode pro-

poted for determining the relative fituations of the Royal ubferratories of Greenwich

and Paris, p. 188. Supplement, 465.

Pendulums, effed of heat and cold on, p. 203. Ufe of in difeovering the figure of the

earth, p. 203.

Pigs, experiment on the effed of one of the ovaria being extirpated, p. 236. Remark?

on Hunter’s experiments on the procreation of, p. 357.

Platina, on the Hiagnetifm of, p 7.

Pcp'ar, cotton, power of extrading air from water, p. 105. 1 to.

Pcrpoije
,
number of vertebras in, p>383* Number of ribs, p. 383.

Portugueje,y
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Portuguese
,
called upon to meafure two degrees of longitude near the Fort of Macapa,

m*.

p. 224.

Potatoes, power of extrafling air from water, p. 121.

Preftnti made to the Royal Society, p. 45$.

Qt

^uickfilver, the bed furfaee for trying the magnetifm of bodies, p. 8. Method of

cleaning the furfaee of, p. 9.

R.

Pain, Regider of, at Lyndon, at Rutland, South Lambeth in Surrey, and Selbourn

-and Fyfield, Hampfhire, in 1786, p. 368.

Pam/den
,
on his indrument for trigonometical operations, p. 22 o.

RefraHion, tables of, lliould be made from the fame indrument, by turning it to the

North and to the South alternately, p. 180. Invedigation of a method of allowing

for refraflion in aftronomical obfervations, p. 318. Invedigation of the effects of, p.

334-

Rovato
, Jofrpb da

,
Account of the Places where, and the Manner in which, Borax

is produced, Italian, p.301. Englidi, p.471.

Roy
,
William

,
an Account of the mode propofed to be followed in .determining the

relative Situation of the Royal Obfervatories of Greenwich and Paris, p. 188. Sup-

plement to the account, p. 465.

Rumo'vjkl, M. Obfervation of the Tranfit of Mercury, May 4, 1786, p. 47.

Rujfm, Emprefs, called upon to meafure two degrees of longitude in high Northern

latitudes, p. 22

I

S.

Satellites
,
account of two revolving round the Georgian planet, p. 12$.

Saturn
,
determination of the heliocentric longitude of the defeending node, p. 3 7.

Scbooten

,

improvements in algebra by him, p, 81.

Sen/e
,
organs of, in Whales, p. 425.

Sight, -organ of, in Whales, p.437.

Silk, raw, power of attra&ing and feparating air from water, p. 84. 100. 108. no.
Smeaton, John, an Obfervation of the right Afcenfion and Declination of Mercury out

of the Meridian, near his greatell Elongation, Sept. 1786, p. 31$.

Smelling, Senfe of, in Whalco, p. 428.

Spermaceti
,
on the fituation of, in Whales, p. 390.

Spleen of Whales, p. 412.

Stanhope
,
Charles Earl, Remarks on Mr. Brydone’s Account of a remarkable Thunder-

iform in Scotland, p. 130.

1 Stomachf

I



[ 4*1 ]

Stomach of the Whale, p. 407.

Swartz, Olof;
Description of the Chloranthus, a new Genus of Plants, p« 359 *

Telefcopc,
Dollond’s 9-feet refractor magnifies 104 times, p. 47. Ufc of a wire appa-

ratus for, p. 55.

Thermometer, regifier of, at Lyndon in Rutland, in 1786, p. 368.

Jhompfon ,
Sir Benjamin, Experiments on the Production of dephlogifticated Air from

Water with various Subfiances, p. 84. Experiments made to determine the pofitive

and relative quantities of moifture abforbed from the atmofphere by various fubftances

\mder fimiJar cireum fiances, n. 240.

Thorax of Whales, p. 414.

Thunder-Jlorm in Scotland, p. 61. Man and two horfes killed, p. 62. Remarks on

the account, p. 1 30.

Time, methods of obferving the altronomical differences of, p.214. ,

Tongue of Whales, p. 426.

Trigonometry
,
an operation in, propofed by Gen. Roy, p. 180.

T.

Teeth of Whales, p. 398.

U.

Vegetables, power of extrading air from water, p, 99. 117.

Vertebra,
in Whales, p. 383. In the Porpoife, p. 383.

/ nice, Samuel, on the Piece Hion of the Equinoxes, p. 363.

Vitriolic acid, experiments on the aCtion ol on fteel and iron, p. 17. Expei iments on

the congelation of, p. 267*

Volcanos, three obferved in the moon, p. 229.

Ureter of Whales, p. 41 3.

W.

and mufcles, p. 385.
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Their mode of catching food, p. 397, Whalebone, p, 400. The inteftines, pt

403. Proportion of the feveral parts, p. 407. Stomach, p.407. Inteftioes, p.

aog. L:ver, p. 410. Food, p.411. Spleen, p. 412, Kidnies, p.412. Ureter,

P. 413. Bladder, p.413 Capfuhe renales, p. 413. Blood, p.415. Thorax, p.

414. Hearr, p.414. Arteries and blood of, p.415. Larynx of, p.316. Lungs,

p 4:8. Blow-hole, p. 420. Brain, p.423. Organs of Senfe, p.425. Organ of

light in, p.437. Parts of generation, p.441. Explanation of plates, p.447.
Whirlwind on the Tweed, p. 67.

Hires, ufe of applying them to telefcopes, p. 55.

Wolf, Jackal, and Dog, obfervations tending to {hew them to be of the fame fpecies,

p. 253. A litter of puppies from a Pomeranian bitch by a Wolf, p. 25c.

h 'ollajlon
,

Francis, Obfervations ot Mil's Herfchel’s Comet in Augufl and September,

P* S3 -

Wool, power of drawing air from water, p. 96.
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Page. Line.

249. 10. for “ laft to the” read “ laft term to ten times the”

254. 25. for “ has” read “ have”

301. 13. for “ alto” read “ altro”

302. 9. for “ alto” read “ altro”

305. 18. for “ celle” read “ celles”

20. for “ at” rfflra? “ et”

22. for “ cet” read 1 ' cette”

330. 20. for “ was” read u were”

336. 23. for “ LC” “ Lc”

339. 14. for “ 2d” read“ 23d”

laft line, for “ 13 13 52.4” read il 16 13 52.4”

340. 8. for “ 15 h. 13' 5 2". 4” read “16 h. 13' 52".4

416. 24. and 25. for “ we do know” read “ we do not know”

429. 22. for a full flop after “ fenfe” put a comma
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